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ARTIFICIAL CHROMOSOMES, USES THEREOF AND METHODS FOR 
PREPARING ARTIFICIAL CHROMOSOMES 

RELATED APPLICATIONS 

This application is a continuation of U.S. application Serial No. 
5 08/629,822, filed April 10, 1996. This application is related to U.S. 
application Serial No. 08/759,558, now U.S. Patent No. 5,288,625 and 
to U.S. application Serial No. 08/375,271, filed 1/19/95, which is a 
continuation of U.S. application Serial No. 08/080,097, filed 6/23/93 
which is a continuation of U.S. application Serial No. 07/892,487, filed 

10 6/3/92, which is a continuation of U.S. application Serial No. 
07/521,073, filed 5/9/90. 

The subject matter of each of the above-listed U.S. applications is 
incorporated in its entirety by reference thereto. 
FIELD OF THE INVENTION 

15 The present invention relates to methods for preparing cell lines 

that contain artificial chromosomes, to methods for isolation of the arti- 
ficial chromosomes, targeted insertion of heterologous DNA into the 
chromosomes, isolation of the chromosomes, and delivery of the chromo- 
somes to selected cells and tissues. Also provided are cell lines for use in 

20 the methods, and cell lines and chromosomes produced by the methods. 
BACKGROUND OF THE INVENTION 

Several viral vectors, non-viral, and physical delivery systems for 
gene therapy have been developed [see, e.g. , Mitani et aL (1993) Trends 
Biotech. 11 :1 62-1 66]. The presently available systems, however, have 

25 numerous limitations, particularly where persistent, stable, or controlled 
gene expression is required. These limitations include: (1) size limitations 
because there is a limit, generally on order of about ten kilobases [kB], at 
most, to the size of the DNA insert [gene] that can be accepted by viral 
vectors, whereas a number of mammalian genes of possible therapeutic 

30 importance are well above this limit, especially if all control elements are 
included; (2) the inability to specifically target integration so that random 
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integration is required which carries a risk of disrupting vital genes or 
cancer suppressor genes; (3) the expression of randomly integrated 
therapeutic genes may be affected by the functional compartmentalization 
in the nucleus and are affected by chromatin-based position effects; (4) 
5 the copy number and consequently the expression of a given gene to be 
integrated into the genome cannot be controlled. Thus, improvements in 
gene delivery and stable expression systems are needed [see, e^, 
Mulligan (1 993) Science 260:926-932]. 

In addition, safe and effective gene therapy methods and vectors 
10 should have numerous features that are not assured by the presently 
available systems. For example, a safe vector should not contain DNA 
elements that can promote unwanted changes by recombination or 
mutation in the host genetic material, should not have the potential to 
initiate deleterious effects in cells, tissues, or organisms carrying the 
15 vector, and should not interfere with genomic functions. In addition, it 
would be advantageous for the vector to be non-integrative, or designed 
for site-specific integration. Also, the copy number of therapeutic gene(s) 
carried by the vector should be controlled and stable, the vector should 
secure the independent and controlled function of the introduced gene(s); 
20 and the vector should accept large (up to Mb size) inserts and ensure the 
functional stability of the insert. 

The limitations of existing gene delivery technologies, however, 
argue for the development of alternative vector systems suitable for 
transferring large [up to Mb size or larger] genes and gene complexes 
25 together with regulatory elements that will provide a safe, controlled, and 
persistent expression of the therapeutic genetic material. 

At the present time, none of the available vectors fulfill these 
requirements. Some of these characteristics, however, are possessed by 
chromosomes. Thus, an artificial chromosome would be an ideal vector 
30 for gene therapy, as well as for production of gene products that require 
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coordination of expression of numerous genes or that are encoded by 
large genes, and other uses. Artificial chromosomes for expression of 
heterologous genes in yeast are available, but construction of a 
mammalian artificial chromosome has not been achieved. Such 
5 construction has been hindered by the lack of an isolated, functional, 
mammalian centromere and uncertainty regarding the requisites for its 
production and stable replication. Unlike in yeast, there are no selectable 
genes in close proximity to a mammalian centromere, and the presence of 
long runs of highly repetitive pericentric heterochromatic DNA makes the 
10 isolation of a mammalian centromere using presently available methods, 
such as chromosome walking, virtually impossible. Other strategies are 
required for production of mammalian artificial chromosomes, and some 
have been developed. For example, U.S. Patent No. 5,288,625 provides 
a cell line that contains an artificial chromosome, a minichromosome, that 
15 is about 20 to 30 megabases. Methods provided for isolation of these 
chromosomes, however, provide preparations of only about 10-20% 
purity. Thus, development of alternative artificial chromosomes and 
perfection of isolation methods as well as development of more versatile 
chromosomes and further characterization of the minichromosomes is 
20 required to realize the potential of this technology. 

Therefore, it is an object herein to provide mammalian artificial 
chromosomes and methods for introduction of foreign DNA into such 
chromosomes. It is also an object herein to provide methods for 
introduction of the artificial mammalian chromosome into selected cells, 
25 and to provide the resulting cells, as well as transgenic animals and plant: 
that contain the artificial chromosomes. It is also an object herein to 
provide methods for gene therapy and expression of gene products using 
artificial chromosomes. It is a further object herein to provide methods 
for constructing species-specific artificial chromosomes. 
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SUMMARY OF THE INVENTION 

Mammalian artificial chromosomes [MACs] are provided. Also 
provided are artificial chromosomes for other higher eukaryotic species, 
such as insects and fish, produced using the MACS are provided herein. 
Methods for generating and isolating such chromosomes. Methods using 
the MACs to construct artificial chromosomes from other species, such as 
insect and fish species are also provided. The artificial chromosomes are 
fully functional stable chromosomes. Two types of artificial 
chromosomes are provided. One type, herein referred to as SATACs 
[satellite artificial chromosomes] are stable heterochromatic 
chromosomes, and the another type are minichromosomes based on 
amplification of euchromatin. 

Artificial chromosomes permit targeted integration of megabase pair 
size DNA fragments that contain single or multiple genes. Thus methods 
using the MACs to introduce the genes into cells, animals and tissues are 
also provided. The artificial chromosomes with integrated heterologous 
DNA are to be used in methods of gene therapy, in methods of 
production of gene products, particularly products that require expression 
of multigene biosynthetic pathways, and also are intended for delivery 
into the nuclei of germline cells, such as embryo-derived stem cells [ES 
cells] for production of transgenic animals. 

Mammalian artificial chromosomes provide extra-genomic specific 
integration sites for introduction of genes encoding proteins of interest 
and permit megabase size DNA integration so that, for example, genes 
encoding an entire metabolic pathway or a very large gene, such as the 
cystic fibrosis [CF; ~600kb] gene, several genes, such as a series of 
antigens for preparation of a multivalent vaccine, can be stably introduced 
into a cell. Vectors for targeted introduction of such genes, including the 
tumor suppressor genes, such as p53, the cystic fibrosis transmembrane 
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regulator gene [CFTR], anti-HIV ribozymes, such as an anti-HIV gag 
ribozyme, into the artificial chromosomes also provided. 

The chromosomes provided herein are generated by introducing 
heterologous DNA that includes DNA encoding a selectable marker into 
5 cells, preferably a stable cell line, growing the cells under selective 
conditions, and identifying from among the resulting clones those that 
include chromosomes with more than one centromere or that have 
chromosomes that are fragments of chromosomes that had more than 
one centromere. The amplification that produces the additional 

10 centromere occurs in cells that contain chromosomes in which the 

heterologous DNA has integrated near the centromere in the pericentric 
region of the chromosome. The selected clonal cells are then used to 
generate artificial chromosomes. 

In preferred embodiments, the DNA with the selectable marker that 

15 is introduced includes sequences that target it to the pericentric region of 
the chromosome. For example, vectors, such as pTEMPUD, which 
includes such DNA specific for mouse satellite DNA, are provided. Also 
provided are derivatives of pTEMPUD that specifically target human 
satellite sequences. Upon integration, these vectors can induce the 

20 amplification. 

Artificial chromosomes are generated by culturing the cells with the 
dicentric chromosomes under conditions whereby the chromosome breaks 
to form a minichromosome and formerly dicentric chromosome. The 
artificial chromosomes [the SATACs] are generated, not from the 

25 minichromosome fragment as, for example, in U.S. Patent No. 

5,288,625, but from the fragment of the formerly dicentric chromosome. 
Among the MACs provided herein are the SATACs, which are 



-5- 




6869-402A 



primarily made up of repeating units of short satellite DNA and are fully 
heterochromatic, so that absent insertion of heterologous or foreign DNA, 
the chromosomes do not contain genetic information. They can thus be 
used as "safe" vectors for delivery of DNA to mammalian hosts because 
5 they do not contain any potentially harmful genes. 

In addition to MACs methods for generating euchromatic 
minichromsomes and the use thereof are also provided herein. Methods 
for generating one type of MAC the minichromosome, previously 
described in U.S. Patent No. U.S. Patent No. 5,288,625, and the use 
10 thereof for expression of heterologous DNA are provided. Cell lines 
containing the minichromosome and the use thereof for cell fusion are 
also provided. 

In one embodiment, a cell line containing the mammalian 
minichromosome is used as recipient cells for donor DNA encoding a 

15 selected gene or multiple genes. The donor DNA is linked to a second 
selectable marker and is targeted to and integrated into the 
minichromosome. The resulting chromosome is transferred by cell fusion 
into an appropriate recipient cell line, such as a Chinese hamster cell line 
[CHO]. After large scale production of the cells carrying the engineered 

20 chromosome, the chromosome is isolated. In particular, metaphase 

chromosomes are obtained, such as by addition of colchicine, and they 
are purified from the cell lysate. These chromosomes are used for 
cloning, sequencing and for delivery of heterologous DNA into cells. 
Also provided are SATACs of various sizes that are formed by 

25 repeated culturing under selective conditions and subcloning of cells that 
contain chromosomes produced from the formerly dicentric 
chromosomes. These chromosomes are based on repeating units 7.5 to 
10 Mb referred to herein as megareplicons, that are tandem blocks of 
satellite DNA flanked by heterologous non-satellite DNA. Amplification 

30 produces a tandem array of identical chromosome segments [each called 
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an amplicon] that contain two inverted megareplicons bordered by 
heterologous ["foreign"] DNA. Repeated cell fusion, growth on selective 
medium and/or BrdU [5-bromodeoxyuridine] treatment or other genome 
destabilizing reagent or agent, such as ionizing radiation, including X-rays, 
5 and subcloning results in cell lines that carry stable heterochromatic or 
partially heterochromatic chromosomes, including a 1 50-200 Mb 
"sausage" chromosome, a 500-1000 Mb gigachromosome, a stable 250- 
400 Mb megachromosome and various smaller stable chromosomes 
derived therefrom. These chromosomes are based on these repeating 

10 units and can include heterologous DNA that is expressed. 

Thus methods for producing MACs of both types are provided. 
These methods are applicable to any higher eukaryotic cell, including 
mammals, insects and plants. 

The resulting chromosomes can be purified by methods provided 

15 herein to provide vectors for introduction of the heterologous DNA into 
selected cells for production of the gene product encoded by the 
heterologous DNA, for production of transgenic animals and plants or for 
gene therapy. Vectors for chromosome fragmentation are provided. 
These vectors will be used to produce an artificial chromosome that 

20 contains a megareplicon, a centromere and two telomeres and will be 
between about 10 Mb and about 60 Mb, preferably between about 10 
Mb-15 Mb and 30 Mb. Such artificial chromosomes may be produced by 
other methods. Isolation of the 7.5 Mb [or 15 Mb amplicon containing 
two 7.5 Mb inverted repeats] or a 30 Mb multimer thereof should provide 

25 a stable chromosomal vector that can be manipulated in vitro . 

In addition, methods and vectors for fragmenting the 
minichromosomes and SATACs are provided. Such methods and vectors 
can be used for in vivo generation of smaller stable artificial 
chromosomes. Methods for reducing the size of the MACs to generate 

30 smaller stable self-replicating artificial chromosomes are also provided. 
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Methods and vectors for targeting heterologous DNA into the 
artificial chromosomes are also provided as are methods and vectors for 
fragmenting the chromosomes to produce smaller but stable and self- 
replicating artificial chromosomes. Vectors for targeted introduction of 
5 heterologous DNA into artificial chromosomes are provided^as-ara_ 
The chromosomes are introduced into cells to produce stable 
transformed cell lines or cells, depending upon the source of the cells. 
Introduction is effected by any suitable method including, but not limited 
to electroporation, direct uptake, such as by calcium phosphate [see, e.g., 

10 Wigler et al (1979) Proc. Natl. Acad. Sci. U.S.A. 76:1373-1376; and 
Current Protocols in Molecular Biology, Vol. 1 . Wiley Inter-Science, 
Supplement 14, Unit 9.1.1-9.1.9 (1990)]. precipitation, uptake of isolated 
chromosomes by lipofection, by microcell fusion [see, EXAMPLES, see, 
also Lambert (1991) Proc. Natl. Acad. Sci. U.S.A. 88:5907-5911, U.S. 

15 Patent No. 5,396,767] or other suitable method. The resulting cells can 
be used for production of proteins in the cells. The chromosomes can be 
isolated and used for gene delivery. 

Methods for isolation of the chromosomes based on the DNA 
content of the chromosomes, which differs from the authentic 

20 chromsomes are provided. 

These artificial chromosomes can be used in gene therapy, gene 
product production systems, production of humanized organs, production 
of transgenic plants and animals, including invertebrates, vertebrate, 
reptiles and insects, any organism or device that would employ 

25 chromosomal elements as information storage vehicles, and also for 

analysis and study of centromere function, for the production of artificial 
chromosome vectors that can be constructed in vitro , and for the 
preparation of species- specific artificial chromosomes. The artificial 
chromosomes can be introduced into cells using microinjection, cell 

30 fusion, microcell fusion, electroporation, electrofusion, projectile 
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bombardment, calcium phosphate precipitation, site-specific targeting and 
other such methods. Cells particularly suited for use with the artificial 
chromosomes include, but are not limited to plant cells, particularly 
tomato, arabidopsis, and others, insect cells, including silk worm cells, 
5 insect larvae, fish, reptiles, amphibians, arachnids, mammalian cells, 
embryonic stem cells, embryos and cells for use in methods of genetic 
therapy, such as lymphocytes that are used in methods of adoptive 
immunotherapy and nerve or neural cells. Thus methods of producing 
gene products and transgenic animals and plants are provided. Also 
10 provided are the resulting transgenic animals and plants. 

Exemplary cell lines that contain these chromosomes are also 
provided. 

Methods for preparing artificial chromosomes for particular species 
and for cloning centromeres are also provided. In particular, a method for 

15 cloning a centromere from an animal or plant by preparing a library of 
DNA fragments that contain the genome of the plant or animal, 
introducing the each of the fragments into a mammalian satellite artificial 
chromosome [SATAC] that contains a centromere from a different 
species, generally a mammal, from the selected plant or animal, generally 

20 a non-mammal, and a selectable marker. The selected plant or animal is 
one in which the mammalian species centromere does not function. Each 
of the SATACs is introduced into the cells, which are grown under 
selective conditions, and cells with SATACs are identified. Such SATACS 
should contain a centromere encoded by the DNA from the library. 

25 Also provided are libraries in which the relatively large fragments of 

DNA are contained on artificial chromosomes. 

Transgenic animals, invertebrates and vertebrates, plants and 
insects, fish, reptiles, amphibians, arachnids and mammals are also 
provided. Of particular interest are transgenic animals that express genes 

30 that confer resistance or reduce susceptibility to disease. Since multiple 
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genes can be introduced on a MAC, a series of genes encoding an 
antigen can be introduced, which up expression will serve to immunize [in 
a manner similar to a multivalent vaccine] the host animal against the 
diseases for which exposure to the antigens provide immunity or some 
5 protection. 

Methods for cloning centromeres, such as mammalian centromeres, 

are also provided. In particular, in one embodiment, a library composed 

of fragments of the SATACs are cloned into YACs [yeast artificial 

chromosomes] that include a detectable marker, such as DNA encoding 

10 tyrosinase and then introduced into mammalian cells, such as albino 

mouse embryos. Mice produced from YACs that include a centromere 

that functions in mammals will express the detectable marker. Thus, if 

albino mice will be pigmented or have regions of pigmentation. 

DESCRIPTION OF THE DRAWINGS 

15 Figure 1 is a schematic drawing depicting formation of the 

MMCneo [the minichromosome] chromosome. A-G represents the 

successive events consistent with observed data that would lead to the 

formation and stabilization of the minichromosome. 

Figure 2 shows a schematic summary of the manner in which the 

20 observed new chromosomes would form, and the relationships among the 

different de novo formed chromosomes. In particular, this figure shows 

a schematic drawing of the de novo chromosome formation initiated in 

the centromeric region of mouse chromosome 7. (A) A single E-type 

amplification in the centromeric region of chromosome 7 generates a neo- 

25 centromere linked to the integrated "foreign" DNA, and forms a dicentric 

chromosc£me>T Multiple E-type amplification forms the A neo-chromosome, 

which was derived from chromosome 7 and stabilized in a mouse-hamster 

hybrid cell line; (B) Specific breakage between the centromeres of a 

c ' *\. 

dicentric chromosome 7 generates a chromosome fragment with the neo- 

30 centromere, and a chromosome 7 with traces of heterologous DNA at the 
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en<T(C) Inverted duplication of the fragment bea^gjthe^neo-centromere 
results in the formation of a stable neo-minichromosome^ (D) Integration 
of exogenous DNA into the heterologous DNA region of the formerly 
dicentric chromosome 7 initiates H-type amplification, and the formation 
5 of a heterochromatic arm. By capturing a euchromatic terminal segment, 
this new chromosome arm is stabilized in the form of the "sausage" 
chromosom^ME) BrdU [5-bromodeoxyuridine], treatment and/or drug 
selection induce further H-type amplification^which ^results in the 
formation of an unstable gigachromosome^F) Repeated BrdU treatments 
10 and/or drug selection induce further H-type amplification including a 
centromere duplication, which leads to the formation of another 
heterochromatic chromosome arm. It is split off from the chromosome 7 
by chromosome breakage, and by^cqjjmn|^erminal segment, the 
stable megachromosome is formed^. 
15 Figure 3 Schematic diagram of the replicon structure and a scheme 

by which the megachromosome could be produced. 

Figure 4 sets forth the relationships among the some of the 
exemplary cell lines described herein. 

Figure 5 is diagram of the plasmid pTEMPUD. 
20 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Definitions 

Unless defined otherwise, all technical and scientific terms used 
herein have the same meaning as is commonly understood by one of skill 
in the art to which this invention belongs. All patents and publications 
25 referred to herein are incorporated by reference. 

As used herein, a mammalian artificial chromosome [MAC] is piece 
of DNA that can stably replicate and segregate alongside endogenous 
chromosomes. It has the capacity to accommodate and express 
heterologous genes inserted therein. It is referred to as a mammalian 
30 artificial chromosome because it includes an active mammalian 
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centromere. Plant artificial chromosomes and an insect artificial 
chromosomes refer to chromosomes that include plant and insect 
centromeres, respectively. A human specific chromosome [HAC] refers 
to chromosomes that include human centromeres, BUGACs refer to 
5 artificial insect chromosomes, and AVACs refer to avian artificial 
chromosomes. 

As used herein, stable maintenance of chromosomes, occurs when 
at least about 85%, preferab.y 90%, more preferably 95%, of the cells 
retain the chromosome. Stability is measured in the presence of select.ve 

10 agent. Preferab.y these chromosomes are also maintained in the absence 
of a selective agent. Stable chromosomes also retain their structure 
during cell culturing, suffering neither intrachromosomal nor 
interchromosomal rearrangements. 

As used herein, growth under selective conditions, means growth 

15 of a cel. under conditions that require expression of a selectable marker 
for survival. 

As used herein, euchromatin and heterochromatin have their 
recognized meanings, euchromatin refers to DNA that contains genes, 
and heterochromatin refers to chromatin that has been thought to be 

20 inactive. Highly repetitive DNA sequences [satellite DNA] are located ,n 
regions of centromeric heterochromatin [pericentric heterochromat.nl. 
Constitutive heterochromatin refers to heterochromatin that contains the 
highly repetitive DNA and that is constitutively condensed. 

As used herein, BrdU refers to 5-bromodeoxyuridine, which during 

25 replication is inserted in place of thymidine. BrdU is used as mutagen; it 
also inhibits condensation of metaphase chromosomes during cell 
division. 

As used herein, a dicentric chromosome is a chromosome that 
contains two centromeres. A multicentric chromosome contains more 
30 than two centromeres. 
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As used herein, a formerly dicentric chromosome is a chromosome 
that is produced when a dicentric chromosome fragments and acquires 
new telomeres so that two chromosomes, each having one of the 
centromeres, are produced. Each of the fragments, are rep.icab.e 
chromosomes. If one of the chromosomes undergoes ampl.f.cat.on of 
euchromatic DNA to produce a full functionally chromosome that conta.ns 
the heterologous DNA and primarily [at least more than 50%] 
euchromatin, it is a minichrbmosome. The remaining chromosome is a 
formerly dicentric chromosome. If one of the chromosomes undergoes 
> amplification, whereby heterochromatin [satellite DNA] is amplified, a 
euchromatic portion [or arm remains], it is referred to as a sausage 
chromosome. A chromosome that is substantially all heterochrony, 
except for portions of heterologous DNA, is called a SATAC. Such 
chromosomes [SATACs] can be produced from sausage chromosomes by 
5 culturing the cell containing the sausage chromosome under cond.t.ons, 
such as BrdU treatment and/or growth under selective conditions, that 
destabilize the chromosome so that a satellite artificial chromosomes 
[SATAC] is produced. For purposes herein, it is understand that SATACs 
may not necessarily be produced in multiple steps, but may appear after 
20 the initial introduction of the heterologous DNA and growth under 

selective conditions, or they may appear after several cycles of growth 
under selective conditions and BrdU treatment. 

As used herein an amplicon is the smallest repeated unit that 
contains heterologous DNA in the MACs provided herein. A megareplicon 
25 contains at least one amplicon, an inverted repeat thereof, and a 

megareplicator. A megareplicator is a primary replication initiation s.te. 

As used herein, the minichromosome refers to a chromosome 
derived from a dicentric chromosome [see, e^, FIG. 1] that ^contains 
more euchromatic than heterochromatic DNA. 
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As used herein, a megachromosome refers to a chromosome that, 
exeept for introduced heterologous DNA is substantially composed of 
heterochromatin. Megachromosomes are made of a tandem^of 
amplicons that^SSfc-two inverted megareplicons bordered by 
produced heterologous DNA ,see, ^. Figure 3 for a schemata drawing 
o, a megachromosomel. For purposes herein, a megachromosome ,s 
about 50 to 400 Mb, generally about 250-400 Mb. Shorter variants are 
also referred ^truncated megachromosomes [about 90 to 120 or ,50 

i i ro-900 Mbl and cell lines, and a 
Mb] , dwarf megachromosomes I - 1 50 2UU ividj 

0 micro-megachromosome I - 60-90 Mb). For purposes herein, the term 
megachromosome refers to the overall repeated structure based on a 
tandem array o, repeated chromosomal segments [amplicons, that conta.n 
two inverted megareplicons bordered by any inserted heterologous DNA. 

The size will be specified. 
, 5 As used herein, genetic therapy involves the transfer of 

heterologous DNA to the certain cells, target cells, of an individual 
afflicted with a disorder for which such therapy is sought. The DNA 
introduced into the sdected targe, cells in a manner such that the 
heterologous DNA is expressed and a product encoded thereby ,s 
20 produced. Alternatively, the heterologous DNA may in some manner 

mediate expression of DNA that encodes the therapeutic product, ,. may 
encode a product, such as a peptide or RNA that in some manner 
mediates, directly or indirectly, expression o, a therapeutic product. 
Genetic therapy may also be used to introduce therapeutic compounds 
25 such as TNF, that are no, normally produced in the host or the, are not 
produced in ,herapeu,ica,ly effective amoun,s or at a therapeuhcally 
useful time. The heterologous DNA encoding the therapeutic product may 
be modified prior to introduction into the cells o, the afflicted host ,n order 
to enhance or otherwise alter the product or expression thereof. 
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As used herein, heteroiogous or foreign DNA and RNA are used 
interchangeably and refer to DNA or RNA tha, does no, occur nature V as 

or iocations in the genome the, differ from tha, in which it occurs ,n 
, nature. „ is DNA or RNA that is not endogenous to the cel, and has been 
exogenously introduced into the ce„. Examples o, heteroiogous DNA 
include, bu, are not iimited to. DNA tha, encodes a gene or genets, o 
interest, introduced for purposes o, gene therapv or * *o^J**» 
encoded protein. Other examples of heteroiogous DNA mclude^but are 
,0 no, MM ,0. DNA ,hat encodes traceable marker proteins, such as a 
protein that confers drug resistance. DNA tha, encodes therapeut,cai,v 
Icive subs,ances. such as an.i-cancer agents, enzymes and hormones, 
and DNA ,ha, encodes Cher types o, proteins, such as antibod.es. 
Antibodies thet ere encoded by heteroiogous DNA may be secreted or 
,6 expressed on the surface of the ceil in which the heteroiogous DNA 

been introduced. . that 

As used herein, a ,herapeu,ioa,iy effective product ,s a product that 
is encoded by heteroiogous DNA that, upon introduction of ,he DNA ,n,o 
. bos,, a produc, is expressed that effectiveiy ameliorates o, — 
20 the symptoms, manifestations of an inherited or acqu.red d.sease or tha, 

cures said disease. 

As used herein, transgenic plants refer ,0 plants in wh.oh 
heterologous or foreign DNA is expressed or in which the express.on of e 
gene naturally present in the plant has been altered. 
25 As used herein, operative linkage of heterologous DNA to 

re8 u,atory and effector sequences of nucleotides, such as promoters, 
enhancers, transcriptional and translationa, stop sites, and 
sequences refers to the relationship between such DNA and such 
sequences of nuclides. Eor example, operative linkage o, he^gous 
30 DNA ,o a promoter refers to the physical relationship between the DNA 
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and the promote, such that the transcription of such DNA is initiated from 
the promoter by an RNA polymerase that specific* recognizes, bmds to 
and transcribes the DNA in reading frame. 

As used herein, isoiated, substantially pure DNA refers to DNA 
5 fragments purified according ,0 standard techniques employed by those 
Jed in the art, such as that found in Maniatis et ah ,,1982) 
gooino: A^atoMrxManua!. Cold Spring Harbor Laboratory Press, Cold 

Spring Harbor, NY]. 

As used herein, expression refers to the process by wh.ch nucle.c 
,0 acid is transcribed into mRNA and translated into peptides, polypepudes, 
or proteins. If the nucleic acid is derived from genomic DNA, express,™ 
may. if an appropriate eukaryotic host oel, or organism is selected, mclude 

splicing of the mRNA. 

As used berain, vector or plasmid refers to discrete elements that 
, B are used to introduce heterologous DNA into cells for either expression of 
*. heterologous DNA or .or replication of the cloned heterologous DNA. 
Selection and use of sucb vectors and plasmids are well within the level 
of skill of the art. 

As used herein, transformation/transfection refers to the process by 
20 which DNA or RNA is introduced into cells to for gene express.on. 

Transfection refers to the taking up of an expression vector by a host cell 
whether or not any coding seances are in fact expressed. Numerous 
methods of transfection are known to the ordinarily skilled artisan, for 
example, by direct uptake using calcium phosphate ^ 
25 Wigler gt aL (1 979. Pr^ml^a^LJi^ 76:1 373-t 376, and 
polyethylene glycol iPEG.-mediated DNA uptake and electroporatron 
Successful transfection is generally recognized when any ind.cafon of the 
operation of this vector occurs within the host cell. Transformation 
means introducing DNA into an organism so that the DNA is rephcable, 
30 either as an extraohromosomal element or by chromosomal mtegrant. 
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As used herein, injected refers to the microinjection [use of a small 

syringe! of DNA into a cell. 

As used herein, substantially homologous DNA refers to DNA that 
includes a sequence of nucleotides that is sufficiently similar to another 
such sequence to form stable hybrids under specified condrhons. 

|, is well known to those of skill in this art, that nucle.c acd 
fragments with different sequences may. under the same conditions, 
hybridize detectably to the same "target" nucleic acid. Two nucleic acd 
fragments hybridize detectably. under stringent conditions over a 
sufficiently long hybridization period, because one fragment con.arns a 
segment of at least about 14 nucleotides in a sequence wh.ch ,s 
complementary lor nearly complementary! to the sequence of at least one 
segment in the other nucleic acid fragment. If the time during which 
hybridization is allowed to occur is held constant, at a value during wh.ch. 
under preselected stringency conditions, two nuCeic acid fragments with 
exactly complementary base-pairing segments hybridize detectably to 
each other, departures from exec, complementarity can be introduced ,nto 
the base-pairing segments, and base-pairing will nonetheless occur ,0 an 
extent sufficient to make hybridization detectable. As the departure from 
complementarity between the base-pairing segments of ,wo nucleic acds 
becomes larger, and as conditions of the hybridization become more 
stringent, the probability decreases that the two segments will hybnd.ze 

detectably to each other. 

Two single-stranded nucleic acid segments have "substantially the 
; same sequence," within the meaning of the present specification. ,f 
(a) both form a base-paired duplex with the same segment, and (bl the 
melting temperatures of said two duplexes in a solution of 0.5 X SSPE 
differ by less than 10<>C. If the segments being compared have the same 
number of bases, then to have "substantially the same sequence", they 
0 will typically differ in their sequences at fewer than 1 base ,n 10. 
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Methods for determining malting tamperatoras of nuclaio acid duplaxas 
era wall known laaa. u, Mainko.h and Wahl (19B4) AnM^iocham. 
138-267-284 and references cited therein]. 

' As used herein, a nucleic acid probe is a DNA or RNA fragment 
5 that includes a sufficient number of nucleotides to specifically hybridize to 
DNA or RNA that includes identical or closely related sequences of 
nucleotides. A probe may contain any number of nucleotides, from as 
few as about 10 and as many as hundreds of thousands of nuc.eot.des. 
The conditions and protocols for such hybridization reactions are well 
10 known to those of skill in the art as are the effects of probe s.ze. 

temperature, degree of mismatch, sa.t concentration and other parameters 
on the hybridization reaction. For example, the lower the temperature 
and higher the sa.t concentration at which the hybridization react.on ,s 
carried out, the greater the degree of mismatch that may be present ,„ the 

15 hybrid molecules. 

To be used as an hybridization probe, the nucleic acid is generally 
rendered detectable by labelling it, with a detectable moiety or label, such 
as 32 P 3 H and 14 C, or by other means, including chemical labelling, such 
as by 'nick-translation in the presence of deoxyuridy.ate biotiny.ated at the 
20 5'-position of the uracil moiety. The resulting probe includes the 

biotinylated uridy.ate in place of thymidy.ate residues and can be detected 
[via the biotin moieties] by any of a number of commercially ava.lab.e 
detection systems based on binding of streptavidin to the biotin. Such 
commercially available detection systems can be obtained, for example, 
25 from Enzo Biochemicals, Inc. [New York, NY]. Any other label known to 
those of skill in the art, including non-radioactive labels, may be used as 
,ong as it renders the probes sufficiently detectable, which is a funct.on of 
the sensitivity of the assay, the time available [for cu.turing cells, 
extracting DNA, and hybridization assays], the quantity of DNA or RNA 
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available as a source o. the probe, the par,icu,ar label and the means used 

to detect the label. 

Once sequences with a sufficiently high degree of homology to the 
probe are identified, they can readiiy be isolated by standard techniques, 
5 which are described, for example, by Maniatis * * HI 9821 EM 
el2niQ ^ umYjto ^. Cold Spring Harbor Laboratory Press, Cold 

Spring Harbor, NY). 

As used herein, conditions under which DNA molecules form stable 
hybrids and are considered substantially homologous are such that the 
10 DNA molecules with at least about 60% complementarity form stable 

hybrids. Such DNA fragments are herein considered to be •substant.ally 
homologous". For example, DNA that encodes a particular prote.n ,s 
substantially homologous to an other DNA fragment i, the DNA forms 
stable hybrids such that the sequences of the fragments are at least 
16 about 60% complementary and if a protein encoded by the DNA reta.ns 
its activity. 

For purposes herein, the following stringency cond.t.ons are 
defined: 

1) high stringency: 0.1 x SSPE, 0.1* SDS, 6B°C 
20 2) medium stringency: 0.2 x SSPE. 0.1 % SDS, 60»C 

3) low stringency: 1.0 x SSPE. 0.1% SDS, 50°C 
or any combination of salt and temperature and other reagents that result 
in selection of the same degree of mismatch or matching. 

As used herein, immunoprotec.ive refers to the ability of a vaccne 
25 or exposure to an antigen or immunity-inducing agent to confer upon a 
h0 st to whom the vaccine or antigen is administered or introduced the 
ability to resist infection by a disease causing pathogen or to have 
reduced symptoms. The selected antigen is typically an antigen that ,s 
presented by the pathogen. 
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As used herein, all assays and procedures, such as hybridizat.on 
reactions and antibody-antigen reactions, unless otherwise specified, are 
conducted under conditions recognized by those of ski., in the art as 

standard conditions. 
5 A Preparation of cell lines containing MACs 

The methods, cells and MACs provided herein are produced by 
virtue of the discovery of the existence of a higher-order replication un,t 
(megarepliconl of the centromeric region. This megareplicon is del.mited 
by a primary replication initiation site Imegareplicatorl, and appears to 
10 facilitate replication of the centromeric heterochromatin, and most l.kely, 
centromeres. Integration of heterologous DNA into the megarephcator 
region or in close proximity thereto, initiates a large-scale amplificafon of 
megabase-size chromosomal segments, which leads to de novo 

chromosome formation. 

n 5 Cell lines containing MACs can be prepared using cells, preferably a 

stable cell line, transforming it with a heterologous DNA fragment that 
encodes a selectable marker, culturing under selective conditions, and 
identifying cells the, have a dicentric chromosome. These cells can then 
be manipulated as described herein to produce the minichromosomes and 

20 other MACs, particularly the heterochromatic SATACs as described 
herein. 

Development of a dicentric chromosome appears to requ.re 
integration of the hetero.ogous DNA in the pericentric heterochrony. 
Thus the probability of incorporation can be increased by inc.uding DNA, 
25 such as satellite DNA, in the hetero.ogous fragment that encodes the 
selectable marker. The resulting cell lines can then be treated as the 
exemplified cells herein to produce cel. in which the dicentric 
chromosome has fragmented and to introduce additional se.ect.ve 
markers into the dicentric chromosome, whereby amplification of the 
30 pericentric heterochromatin will produce the heterochromat.c 
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£C3/7 

chromosomes. The following discussion is with reference to the fcCTy^L 
line and use of resulting cells. The same procedures can be applied and 
to any other cells, particularly cell lines to prepare create SATACs and 
euchromatic minichromosomes. 
5 1 . Formation of de novo chromosomes 

De novo centromere formation in a transformed mouse LMTK-fibro- 
blast cell line [EC3/7] after cointegration of X constructs MCM8 and 
MgtWESneo] carrying human and bacterial DNA [Hadlaczky et aL (1991) 
Proc. Natl. Acad. Sci. U.S.A. 88:81 06-81 1 0 and U.S. application Serial No. 
10 08/375,271 ] has been shown. The integration of the "heterologous" human 
and phage DNA, and the subsequent amplification of mouse and 
heterologous DNA that led to the formation of a dicentric chromosome, 
occurred at the centromeric region of the short arm of a mouse 
chromosome. By G-banding this chromosome was identified as mouse 
15 chromosome 7. Because of the presence of two functionally active 
centromeres on the same chromosome, regular breakages occur between the 
centromeres. Such specific chromosome breakages gave rise to the 
appearance [in approximately 10% of the cells] of a chromosome fragment 
carrying the neo-centromere. From the EC3/7 cell line [see, U.S. Patent No. 
20 5,288,625, deposited at the European Collection of Animal cell Culture 
(hereinafter ECACC) under accession no. 90051001]; see, also Hadlaczky 
ot»i_fiQQl\ Pron. Natl. Acad. Sci. U.S.A. 88:8106-8110, and U.S. applica- 
tion Serial No. 08/375,271 and the corresponding published European 
application EP 0 473 253] carrying either the dicentric chromosome or a 
25 chromosome fragment with the neo-centromere, two sublines [EC3/7C5 and 
EC3/7C6] were selected by repeated single-cell cloning. In these cell lines, 
the neo-centromere was found exclusively on a minichromosome [neo- 
minichromosome]), while the formerly dicentric chromosome carried traces 
of "heterologous" DNA. 



-21- 




6869-40 2A 



, t has now bean discovered tha, integration of DNA encoding a 
selectabie marKer in the heterochromadc region o, the centromere ied to 
formation of the dicentric chromosome. 
2 The neo-minichromosome 
, The chromosome breakage in the EC3/7 cells, which separates the 

neo-centromere from the mouse chromosome, occurred in the G-band 
positive "heterologous" DNA region. This is supported by the observafon of 
rac es of A and human DNA seguenoes at the broken end o, the formeriy 
dicentric chromosome. Comparing the G-band pattern o, the chromosome 
,0 fragment carrying the neo-centromere with that of the stable n~ 
minlhromosome, i, is apparent thatthe neo-minichromosome ,s an .nverted 
dupiicate of the chromosome fragment tha, bears the neo-centromere. 
is supported by the observation that aithough the neo-minichromosome 
carries only one functiona, centromere, both ends of the minichromosome 
15 are heterochromatic, and mouse satellite DNA seguenoes were found ,n 
these heterochromatic regions by in situ hybridizahon. 

Mouse cells containing the minichromosome. which is composed of 
multiple repeats of the heterologous DNA, which in the exempted 
embodiment is iambda DNA and neo DNA, can be used as -p,- 
20 oei, transformation. Donor DNA, such as seiected heterologous DNA Imked 
,0 a second selectabie marker, such as hygromyoin resistance myg], can be 
introduced into the mouse cells and integrated into the 

homologous recombination of lambda DNA in the donor DNA with that ,n the 
mini chromosomes. Integration is verified by *, situ hybridizahon and 
25 Southern blot analyses. Transcription and translation of the heterologous 
DNA is confirmed by primer extension and immunoblot analyses. 

For example, DNA has been targeted into the .-neo minichromosome 
in EC3/7C5 cells using a lambda DNA-containing construct lP Nem1 rucl the, 
also contains DNA encoding hygromycin resistance and the Renilla luciferase 

cytomegalovirus [CMV] early 
30 gene linked to a promoter, such as tne cy 
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promoter, aod the baoterial neo encoding DNA. Integration of ,ha donor 
DNA into tha chromosoma in saiactad cells l desi 9 natad PHN4] was 
confirmed by nucleic aeid ampiifieation tPCRl and in situ hybridizat.on. 
Events that would produoa a nao-minicbromosoma are depioted in F.gure 1 . 
5 Tha respiting engineered miniohramosome that oantains the heterolo- 

gous DNA oan than transferred by ceil fusion into a recipient cell hne. such 
as Chinese hamster kidney cells [CHOI and correct expression of tha 
heterologous DNA can be verified. Following production of the cells, 
anaphase chromosomes are obtained, such as by addit.on o, colchicne, 
10 and the chromosomes purified by addition of AT and GC specific dyes on a 
dual laser beam based cell sorter. Preparative amounts of chromosomes 
[2 3 mis of 10\aS»"t / S'purity of 95% or higher can be obta.ned. The 
resulting chromosomes are used far delivery to cells by methods, such as 
microinjection, liposome packaged transfer. 
, 6 Thus, tha neo-minichromosome is stably maintained in cells, repl.cates 

autonomously, and permits the persistent long-term expression of neo gene 
under nan-seleCiva culture conditions. It also contains megabases o 
heterologous known DNA llambda DNA in the exemplified embodiments] 
that serves as target sites form homologous recombination and integrate 
20 of DNA of interest. The neo-minichromosome is, thus, a vector for genet.c 

engineering of cells. 

The methods herein provide means to induce the events that led to 
formation of tha nao-minicbromosome by introducing heterologous DNA w,th 
a selective marker preferably a dominant selectable marker, and cultunng 
25 under selective conditions. As a result, cells that contain a dicentric 
chromosome or fragments thereof produced by amplification, w,ll be 
produced. Cells with the dicentric chromosome can then be treated to 
destabilize the genome with agents, such as BrdU and/or nurturing under 
selective conditions, resulting In cells in which the dicentric chromosome has 
30 formed two chromosomes, a so-called minichromosome. and a formerly 
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dicentric chromosome that has typically undergone amplification .„ the 
heterochromatin where the heterologous DNA has integrated to produce a 
generally a SAT AC or a sausage chromosome [discussed below). These 
cells can ho fused with other calls to separate the minichromosome from the 
5 formerly dicentric chromosome into different cells so that each type of MAC 
can be manipulated separately. 

3 Preparation of SATACs 

An Exemplary protocol for preparation of SATACs is illustrated in 
Figure 2 [particularly C. D and F] and FIGURE 4 [see, also the EXAMPLES, 
10 particularly EXAMPLES 4-71. 

To prepare a SAT AC, the starting materials are a cell, preferably a 
stable cel, „ne, such as a fibroblast cel, line, and a DNA fragment that 
incudes DNA that encodes a selective marker. To insure integration of the 
DNA fragment in the heteroohromatin. it is preferable to start with DNA that 
1S wil, be targeted to the pericentric heterochromatic region of the 
chromosome, such as^CMS and vectors provided herein, such as pTEMPUD 
[Figure 51 that include satellite DNA. After introduction of the DNA, the 
cells are grown under selective conditions. The resulting cells are examined 
a „dan V tha,havedicentricchromosomes[orhe,erochromaticchromosomes 

20 or sausage chromosomes or other such structure [see. Figure 2C, 2D, 

and 2F1 are selected. 

In particular, if a cell with a dicentric chromosome is selected, rt 
be grown underse,ec,ivecondi.ions,or,pre,erab,y,addi,iona,DNAencod,ng 

a second selectable marker is introduced, and the cells grown under 
26 conditions selective for the second marker. The resulting cells should 
include chromosomes that have structures similar ,0 those dep.cted ,n 
Figures 2D, 2E, 2F. Cells with a structure, such as the sausage 
chromosome, Figure 2D, can be selected and fused with a second cel, „ne 
to eliminate other chromosomes that are no, of interest. If desired cells w,th 
30 other chromosomes can be selected and treated as described here.n. a 
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ce„ with a sausa g s chromosome Is seated, it is treated w,th a a g e s h 
as BrdU that destabiiizes the chromosome so that the heterochromia arm 
rm a chromosome that is substantial beterocbromatm 
megachromosom,se,Figure2F,. 
5 n jLch the beteroohromatic arm has amp.ibed hot no, bro.en o„ from t 
euchromatic arm, wiii eiso be observed. The megachromosome ,s 
chromosome. Further manipu,a,ion. such as fusions and growth ,n 
conditions and/or BrdU treatment or other such treatment, canjead to 
fragmentation of the me g achromosome to form smaiier chromosomes that 

,0 have the ampiicon as tbe basic "P^^ * — * 

The megachromosome can be further tragme, _ 
chromosome fomentation vector, such as pTEMPUD fsee. Fi g ure 5 and 
EXAMPLE 12, to u.timateiy produce a chromosome that composes the 
sma„est stab,e rep„cab,e unit, about 1 5 Mb-50 Mb, contain,n g two to four 

short arm o, mouse chromosome 7 have been ana,yzed. This chromosome 
regi on shows a capacity for amplication of ia, 3 e chromosome segment 
and promotes * novo chromosome formation. Large-sca.e ampl,f,ca,,on a 
20 he same chromosome re g ion ieads to the formation o, dicentnc and 
dicentric chromosomes, a minichromosome, the t ne. 

thP "sausage" chromosome, the 500-1000 MD 
chromosome, the sausage 

gi gachromosome, and the stebie 250-400 Mb megacbromosome. 

A dear segmentation is observed aiong the arms of the 

w ana iv<;p S show that the building units of this 
25 megachromosome, and analyses snow 

Chromosome are ampUcons o, - 30 Mb composed of mouse ma.or sate,, , 
DNA with the integrated "foreign" DMA seguences at both end. The -30 
Mb ampiicons are composed of two - 1 b Mb inverted doubiets of - 7* Mb 
moU se major sateiiite DNA biocts, which are separated each he by 
30 a narrow band of non-sate„ite seguences [see, ^, F, g ure 3,. The w.der 
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non-sate,l,,e regions at the amplicon borders contain integrated, exogenous 
heterologous, DMA. whiie the narrow bands o, non-sateUite DMA seguence 
'I Z - amplioons are Integra, parts of tba pericentric bete— a» 
mou se chromosomes. These resuits indicate that the -7.5 Mb bio s 
Zed by non-sateiiite DNA are the buiiding units of the pericentr, 
Irocbromatin of mouse chromosomes, and the - f 5 Mb size pericentric 
regions of mouse chromosomes contain two -7.6 Mb units. 

Apart from the euchromatic terminal segments, the whole 
megachromosome is heterochromatic, and has structure, homogeneity. 
, Ze ore, this iarge chromosome offers a umgue possibility for ob am, 
in ,orme,ion about the amplication process, and for ana^.ng som b «e 
characteristics of the pericentric constitutive heterochromatm, as vector for 

heterologous DNA, and as targe, for further fragmentation, 
hetero g ^ ^ ^ and 

5 observed with other chromosomes. Aiso, although these * , rrovc o™ 
cbromosome segments and chromosomes appear different, * - 
scarifies that indicate that a similar amplification mechan ,sm . £ 
in their formation: ,i, in each case, the ampiification , ••">»«*'" * 
centromeric region of the mouse chromosomes and ,arge (Mb 

constituents of the amplioons, either by providing the btdK of be 
constitue am plifloationl, or by bordenng the 

heterochromatic amplioons IH type amp 

lip „ ns , E . tvpe amplification-; (iii) formation of mverted 
euchromatic amplioons It type amp 

segments can be demonstrated in the , neo-chr — £ 
25 megachromosome; |iv, chromosome arms end chromosomes formed by 
amplification are stable and functional. 

The presence of inverted chromosome segments seems to be a 
common phenomenon in the chromosomes formed * novo a, the 
common k nurinn the formation of the 

centromeric region of mouse chromosome 7. During he to 

Qr ,t ipadina to the stabilization of the distal 
30 neo-minichromosome, the event leading to 
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segme nt of mouse chromosome 7 that .ears the neo-ce_ .may ^ have 
been the formation of its inverted duplicate. AmpUcon. of e 

+0 h Houblets of -7.5 Mb mouse major satellite 
megachromosome are inverted doublets or 

DNA blocks, 
c 4 Cell lines 

+ nMAPs such as the minichromosome, the /^-neo 
Cell lines that contain MACs, sucn ab 
chromosome, and the SATACs are provided herein or can be produce by 
*. methods herein. Such cel, lines provide a conven.ent source o these 
h olsomes and can ha manipuiated. such as hv ceii fusion or product.cn 
,„ locells for fus,on with seiectad celllinea. to daiiver the 

of interest into hybrid ceil lines. Exemplary ceil lines are descnbed 
and some have been deposited with the ECACC. 
a EC3/7C5 and EC3/7C6 
Two cel'i lines EC3/7C5 and EC3/7C6 produced by single eel, clon.ng 
18 „f EC3/7 were examined. For exempiary purposes EC3/7C5 has been 
pos^d with the ECACC. These cei, lines contain a minichromosome and 
IT ormerly dicentric ehromoaoma from EC3/7. The stable 
Homes in cai, lines ,EC3,7C 5 and EC3,7C 6l appear to be v.r ua, 
identical and they seem to be a duplicated derivahves of the -10 15 Mb 
20 :Zo<r fragLnt o, the dicentr.c chromosome. Their identical „ m 
, h eae independently generated cel, lines might Ind.cate that -20- 0 Mb 

minichromosome. 

b TF1004G/19 

introduction o, additional heterologous DNA, including a second 
selectable marker hygromycin and aiso a detectable 

into the EC3/7C5 cal, line and growth under selective condmons produced 

the EC3/7C5 eel, line by cotransfection w„h plasm.ds P«132. - 
contains an anti-HIV rihozyme, and hygromycin resistance gene. pCH110 
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u ~ r 1^1 Q7R Sam 71 DNA and selection 
[encodes /?-galactosidase] and A phage Mcl 875 Sam 

wi,h r:iz:^ « m0Men . - ~ .v , -» - 

ismbda phage and plasmid DNA sequences re V ea,ed the — o he 
5 sausage chromosome. The f ormedy dicentric chromosome of EC3/7C5 c 
translated to the end of another acrocentric chromosome. The 
:r g ousONAin,e 9 ratedintothe P ericentricheterochro m atinoHor m erv 

dicentric chromosome end is amp,ified severe, times with megabase * 
mo use pericentric heterochromatic seteiiite DNA sequences [fig. 2D, 
10 Terming the "sausage" chromosome. Suhseguentiv the acrooentnc mouse 
chromosome was substituted by a euohromatic telomere. 

In situ hybridization with biotin labeied subfragments of the 
hvgr omycin resistance and ,-ga,ac,os,dase genes resuited in hybridization 
gna, on,y in the heterochromatic arm of the sausage chromosome 
15 Seating hat in TF1004G/19 transformed ce„s these genes are ,oca„zed 
,n the Pericentric beterocbromatin. A high ieve, o, gene express.on. 

however, was detected. 

,„ genera,, heterochrony has a si,encing effect in Drosopb.ia. yeast 

and on the HSV-tk gene introduced into sateilite DNA at mouse cent— 
20 Thus it was of interest to study the TF1004G/19 transformed cell I n n 
20 I nus, ix w localized in the 

to confirm that gene expression [of the /?-gal] was 

neterochromatin contrary to recognized dogma. 

For this purpose, subclones of TF1004G/19 containing a different a 

rooo Finnre 2D1 bv single cell cloning were estab- 
sausage chromosome [see Figure zui dy => a 

25 iished Southern DNA hybridization with subfragments o, ^romy. 
resistance and ,-gaiactosidase genes showed Cose corre,a„o^ to th 
intensity of hybridization and the iength of sausage chromosome. Th 
.inding supports the conCusion that these genes are ,oca„zed 
heterochromatic arm of the sausage chromosome. 
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(1) TF1004G-19C5 

TF1004G-19C5 is a mouse LMTK' fibroblast call line containing neo- 
chromosomes and stable W chromosomes. „ - * 
TF1004G/19. It has baen dapositad as an exemplary oel, lina and exemplary 
5 souroa of a sausaga chromosome. Subseguen, fusion of th,s cal, ,na With 
CHO K20 oalls and salaotion with hygromycin and hat rssulted in hybrid ce Is 
tha , carry tha sausage chromosome and/or the neo-minichromosome. BrdU 
tr eatmen, single oal, Coning and selection with G4 18 and/or hygromyc.n 
produced various calls that carry chromosomes o, interest, mcludmg G3D5. 
(2) other subclones 
G3D5, which has been deposited is a mouse hamster hybrid cal, line 
tha , carries tha neo-minichromosome and the megachromosome^ H1 D3 ,s 
. subclone thereof that carries the megachromosome. Fusion of t ,s cel, n 
with the CD4 + Hela cel, line and also DNA encoding an additrona, select 
15 gene neo, produced cells that carry the megachromosome as well as a 
lt> gene, n^r k min o rp || s i Further Brd'J 

human chromosome tha, carries CD4neo IH1D3 cells! Fu 

treatment and single call cloning produced cell lines, such as 1B3 m- 
include calls with a truncated megachromosome. 

5 DNA constructs used to transform the cells 
20 Heterologous DNA can be introduced into the cells by transfaction or 

„, h er suitable method at any stage during preparation of the chromosomes 
, see ^ FIG. 41. In general integration of such DNA is assured by relying 
on suf directed integration, such as by inclusion of ,-DNA for the 
exemplified chromosomes and also an additional selective marker gene For 
2B example, cells with a MAC, such as the minichromosome or a SATAC can 
be cotransfected with a plasmid encoding the desired heterologous DNA, 
such as HIV ribozyme. cystic fibrosis gone, and a second selectable marker 
such as hygromycin resistance. Selection is effected with the agent ha 
selects for the new selectable marker cells containing chromosomes ^ tha 
,nclude the DNA in the MAC are identified. Fusion with a second cell hne 



30 ir 



-29- 




6869-40 2A 



ca n provide a mean, to produce cei, iines that contain one particular type o, 

chromosomal structure or MAC. PvJ> „ n , e sl 
Various vectors .or this purpose are provided here.n ,see, Examp es 
and others can he readiiy constructed. The vectors shouid inciude DNA that 
5 w „, tar g et the DMA to the MAC, a seiectahie marKer an the se acted 
heteroses 8 ene of interest. Based on the disciosure here.n and the 
oldge ot he s.iiied artisan, one o, ** can construct such vectors. 
Of particuiar interest herein is the vector pTEMPUD and denvatrve 
th ereof thet can tar a et DMA into the heterochrony "^"^ 
10 chromosomes. These vectors can a,so serve as fragments vectors rsee, 

E ZlUeus genes of interest inciude an V gene that encodes a 
^rapeutic gene and DNA encoding gene products of Rarest. T ese ge 

- DN A inciude, hut are not iimited to: the cvstic <-,s fl ne fCE.cv s,,c 

„ fihrosis ~-7 et 7^ 2 C c 1 'Zit***^™ 
5 240 846; Rosenfeld et aL U»=»^ ^hji — 

' t . mqoqv science 245: 1073-1 080; Riordan 

Nature362: 250-255; Kerem et aL 0 989) Science 24_ 

■ OAR-1OR6-1072- Rommens et aL (1989) Science 

et al (1989) Science 245.10bb iu/z, 

— — u 1 H linr> nineties 

245:1059-1065; Osborne et aL (199D AQk-^l 

20 4^6089-61 22; White ^ d 990) ^ ^4,665-667; Dean ( 990 
1„ 61-863-870; Er.ich * «L (1991) 5*1*3* 252:1643; and U.S. Patent 
"1.463.357. 5,449,604. 5,434,086, and 5,240,846, which provides 
a retroviral vector encoding the normal CFTR genel. 
B. Isolation of artificial chromosomes 

The MACS provided herein can he iso.ated hy any suitab.e method 
Known to those of «... in the art. A,o, a method is provided herein fo 
effecting substantia, purification. SATACs have been iso.ated by 

, „ + ™.FArSl This method takes advantage of 
fluorescence activated cell sort.ng [FACS]. me 

tont ftf the SATACs, which by v.rtue of their 
the nucleotide base content of the . 

tant di ffer from any other chromosomes in a cell. 
30 heterochromatic content will diner .rom <x y 
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ln particular, metaphase chromosomes are isolated -d ^" ^ 
specific dyes, such as Hcechs, 33258 and chromocycn A3. Fluorescence 
L o. sorting wiH separate the SATACs fio m the genom 
romosomes. A dual-laser cel, sorter ■FACStar Plus and FAXStar Vantage 
Becton Dic.nson Immunocytometry System, in which two ,asers were e 
„ excite the dyes separately, ailowed a bivariate analys.s of the 
loTosomes hy size and base-pair composition. Cells containing such 
SATACs can be similarly sorted. 

C. adduction o« arfificia, chromosomes into ca.ls. tissues, an.ma.s and 

Suitle hosts tor introduction o, the MACs provided 

but are not limited to any animal or plan,. ce,l or tissue thereof, mcludmg.but 

, = hi ,Hs reptiles amphibians, insects, fish, arachnids, 
not limited to: mammals, bads, reptiles, amp 

tob acco, tomato, wheat, monocots, dicots and algae. The MAC m y be 
1B introduced by cel, fusion or microcell fusion or subseguent to ,so,at,o by 
n Ihod nown to those of s*i„ in this art, including bu, not „m,,ed o: 
Tec, DMA transfer, electroporation, lipofeCon, liposomes, micropro.Cle 
bom bardment, microiniection and any other suitable method 

Other methods for introducing DMA into cells, mclude nud ar 
mi croiniection, electroporation, bacteria, protoplast fusion with intac, ce s 
Polycations, such as polybrene and polyornithine, may also be used^ F o 
va rL technigues for transforming mammalian cells, see ^ Keown M .L 
^-^—,0330) VP,. 186. PP. 527-537, and Mansour et ah 

(1988) Nature 336:348-352. 

D^n7ay be introduced by direct DMA transformation, micro,n,ect,on 
in cells or embryos, protoplast regeneration for piants, electroporation 
.icroproiectile gun and other such methods ,see, ^ 
(n988 , Methods for Plant Molecular Biology, Academ.c Press, N.Y.. Sect on 

V.... PP. 421-463, Grierson et aL ,1988, Plant ^^" ^^ 
, ^ rh 7 9- see also U.S. Patent Nos. 5,491, 0/b, 
Blackie, London, Ch. 7 9, see 5 , 47 0,708, 
5,482,928; and 5,424,409; see, also, aju, U.S. Patent No. 
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whi ch describes particle-mediated transformation of — unattached 

Ce,1Sl ' Por example, iso.ated purified artificial chromosomes can he injected 
into an emhrvonic ce„ >ine such as a human k idne Y pnmarv emhrvomc c 
lne rATCC CRL 1573] or embryonic stem cells [see, e^, Hogan et aL 
, ine [ATCC CHL o . Labo ratory Manual, Cold Spring 

(1 994) Manipulating the Mouse Embryo, A .Laboratory 

Harbor Laboratory Press, Cold Spring Harbor, NY, see, ^-J' 

25 5-264 and Appendix 31. Preferably the chromosomes are 

■ a svstem such as the Eppendorf automated 

microinjection, using a system sucn 

_ and grown under selective cond.t.ons, such as 

microinjection system, ana grown 

hygromycin B or neomycin resistance. 

1 Methods for introduction of chromosomes into hosts 
Depending on the host cel. used, transformation is done us.ng 
stand ard technics appropriate to such cells. These methods ,nc ude any, 
5 inc.uding those described herein, known to those of sk, ,n the art. 
a DNA uptake 
Fo r mammalian cells without such ce„ wa,,s, the 
precipitation method ( see, ^, Graham ^ 978, Vir^ 62:456-457 
i eften preferred. DNA uptake can be accomp.ished by DNA aione or in the 
20 r sence ot polyethylene glycol ,PE3-mediated gene 

fU 3ion agent, with piant protoplasts or by any <^£ZT 
known to those of skill in the art [see, et aL U.S. Pat. No. , 
A commonlv used approach for gene transfer in ,and plants 
direct introduction of purified DNA into protoplasts. The three bas.o 
25 Ithods for direct gene transfer include: 1, polyethylene glyco 
S mediated DNA uptake. 2, e.ectropotation -mediated DNA uptake and 
■ , Edition Dlants may be transformed using ultrasound 
3) microinjection. In addition, plants may wnoi/00358] 
treatment Isee. Internationa, PCT application No. WO 91/003581. 
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b Electroporation 

Bectroporation. which invokes providing high-vCtage e,ectnc, 
pu ,ses to a solution containing a mixtute of protests and fore, g n DMA to 
r t reversiole pores in the memhranes o, p,ant protects 
Z, ca.,3 Bectroporation is genetally usad for promotes or other ca i s, 
l as pian^: contain suhstantia, celi-wal, hatha. M-^ 
effecting eiactropotation ate we,, Known ,se. ^ N 
4 784 737, 5.50!, 967, 5,501,662, 5,0! 9,034, 5,503.999, see, 
\ , J ( 985, Pr^i^d^Ui^ 82,5824-5828,. 

, ^rtlX 

Ise e Ag 6iotachno,o g y News, Vol. 7 p. 3 and f 7 
9 in this technic pian, ptotopiasts ate electtoporated ,n 

11 0 f the DNA of intetes, that aiso inciudes a phenotyp.c matter. 
I: imposes o, high field sttength reversibiy permeable 
5 orlembranes aiiowing the induction of the piasmids. 

p ,an, ptotop,as,s reform tha ce„ wa„, divide, and form , p,a «^ 
Transformed piant ce,ls will he identified by v.rtue of the expressed 
p enotypic marxer. The exogenous DNA tnay he added to the ptotop asts ,n 
a fottn such as, fot exantple, naKed lineat, citcuiat ot superco.ied DNA 
)0 DNA Encapsulated in liposotnes, DNA in sphetoplasts, DNA in othet piant 
protoplasts, DNA complexed with salts, and other methods. 
c Microcells 

Th e chromosomes can he transferred hy preparing microce, s 
containing an attificia, chromosome and then fusin g with selects tatget 
25 Me hods for such preparation and fusion or microceils are we, xnown 

si 1 U.S. Paten, No, 5,240,840, 4,806,476. 5,298,429, Fourn, r 
Z^m^^^ T8..6349-6353, and Lamher, §t * 

(199n) Eroc^JJatl^Acai^ 
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2 Hosts . 

Suitable host inCude any host Known ,0 he usefu, for introduchon and 
expression o, hetero.ogous DNA. Of part,cu,ar interest here.n, an.ma, and 
Z t ce„s and tissue, inc.uding. hat not iimited to insect ce s a ia„ 
« lots and animals, particularly transgenic animals, and anrmal cells. Other 

5 :r::i „ «. **- » — «* 

insects fish, araehnids, tobaoeo, tomato, wheat, monooots, d oo.s and 
ae and any host into whioh introduotion of heterologous DNA ,s des.red^ 
Such -roduotion oan he ejected using the MACs provided herem, or 
,0 necessary hy using the MACS provided herein to identity speo.es^sp o 
centromeres and/or functional chromosome, un,ts and then 
Siting centromeres or chromosome, units as artificial chromosome, o 
IrnatLlv. using the methods exempted herein tor products of MACs 
to oroduce species-specific artificial chromosomes. 

» - ~rjazzsszss=* 

cells 

Transgenic anima,s can be produced hy introducing exogenous genehc 
ma teria, into a pronuCeus of a mammaUan zygote hy micromotion ,see 
20 r S. Patent Nos. 4.873.19, and 5,354.674, see. a,so, Internal 
^application No. W095/14769, whioh is based on U.S. app„cat,on Se, 
W 03/! 59 084, The zygote is capabie of development into a mamma,. 

h°e ei: ornate ,s trans P ,anted into e host fema,e uterus and a„owed 
to deve,op. Detaiied pro,oco,s and examples are set forth below. 
25 DNA can be introduced into animal cells using any Known procedure, 

including, bu, no, ,imited to: direct uptaxe. incubation with polyethylene 
I o PEG, mioroiniection, electroporation, lipofeotion, cell fusron, m,cocel, 
Z a L bombardment, including microproiectile bombardment ,se. 
I U S. Patent No. 5,470.708, which providea a method for transform 
30 Cached mammalian cells via particle bombardment,, and any other uch 
meth for example, the transfer of plasmid D NA in iiposomes d.reotly to 
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hum an cells * «u has heen approved hy the FDA for ™>«^™ 
e^, Nabel. at ah (1990) Science 249: 128B-1 288 and U.S. 

5,461,032). , _ 

b introduction of haterologous DNA .nto plants. 

Numerous methods for producing or developing transgenic plants are 
a vai,ahle to those of skill in the art. The method used is primer , func o 

transfer of DNA by processes, such as PEG-induced una p 

s n microiniection, electroporation, end microproiectile homhardme 

10 Uchimiva « *L 0989, «: 

o al^o e q U.S. Patent Nos. 5,436,392 ana 
such procedures, see, also, e^, u.o 

, nthPrsl For purposes herein, when .ntroduc.ng a 

5 489,520 and many others], r-or pu"P 

MAC, microiniection end protoplest fusion ere preferred 

Plan t species, including tohecco, rice, maize, rye, soybeen, Brass- 
16 "otto . lettuce, poteto end tometo, have heen used to produc 

^nicp.ents.Toheccoendotherspeciee.suchespetunies.oftense 

as experiment., models in which the methods heve heen developed end the 
aenes first introduced and expressed. 

9 DNA uptake can he eccompiished hy DMA alone or in the presence o 
20 PEG, which is e fusion egent, with plan, protoplasts 

- -hods known to tho so , « * .the art ^ ^ U.S^ ^ 
4 684 61 1 to Schilperoot et al_J. blectropu.a 

foreign DNA to create — pores, has heen used. or ^ 

successfully introduce foreign genes into nee and e . 

Mio inieln of DNA ,n,o plent ce„s, inCuding cu,tured ce„s end ce Is 
I L lent organs and emoryoids in tissue culture and m,cropro,ect e 

DNA to high velocity with a particle gun apparatus, wh.ch forces the 
^dcles » - Plant cel, wells and memhranes, have also heen used. 
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A , p,an, cells into which DNA can ha introduced and that can be 
whole plants which contain the transferred chromosome. The part.cular 

, L he adapted or refined to suit the particular plant spaces or cult.var. . 

Insect cells , 

Insects are usefui hosts for introduction of artificia, chromosomes for 
numer us reasons, inCuding. hut no, limited to. ,a, amplification o, genes 

,0 chromosome to ohtain higher protein yields in insect cells; lb) msect cells 
pit recuired posttranslationa, modifications, such as glycosylate a 
Ho phoryLon. that can he reared for protein biological 
nsect cells do not support mammalian viruses, and. thus, el.m.nate the 
roh em of oross-oontamination of products with such infectious agent, d 

15 s,echno,o g ycircumventstraditiona,recombinan,baou,ovirussy,ems 

production o, nutritional, industrial or medicinal prote.ns ,n , s o, ce, 
systems- (e) the low temperature optimum for insect eel, growth (28 C) 
pe Z red ced energy cost o, production; ( f, serum free growth med.urn 
rtsec, ce„s permits lower production costs; W artificia, 
20 containing cells can be stored indefinitely a, low temperature, and ,h - 
ar e w, ha biological factories for production of nutritional, med.na o 
Industrie, proteins by micromotion of fertilized insect eggs !see, ^ Joy 
;t ,1991, CurlSOXS^ 66^5-150, which provides a method for 
microiniecting heterologous DN A into Bombyx mori eggs] . 

•«„ [Rl IG ACsl will used to introduce genes 
,5 Either M ACs or insect-specific [BUG AOsI win u 

into insect, As described in the Examples, it appears that MACS will 
Inction in insects ,0 direct expression of heterologous DMA oonta.nad 

^"Lect bos, calls include, bu, are not iimited to, hosts such as 

, , nori ApHps aeavpti mosquito], Aeaes 
30 Spodoptera frugiperda [caterpillar], Aedes aegyp 
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albopi «us ^osguitol, Or 0 s ph ,,e ^eno^er .fruitfly,, 
*r 0 r ml and "/[cabbage ">°P*" • *™ ^ ^ 

the fall armyworm. Spodoptera frug.perda. The 
, lleped also ,0. other Insects such as the cabbage looper. tr,c oplu 
„, and the silkworm. Bomby* mori. ■« has also been suggested tn 
agous ce„ lines can be created using the tobacco hornworm, o 

I tie prereno ...... Mo i Biol. Moscow) 

,1991) BioJncL 8:26-31; Nikolaev et sL 0989) M2L 

22-1 177-87: and methods exemplified end discussed here.nl. 
D Applications for and Uses of Artificial chromosomes 
IB Artificial chromosomes provide convenient and useful vectors, and n 

some instances the onlv vectors for introduction o, heterologous genes ,„,o 
Lsts. Virtually any gene of interest is amenable to introduction , n o a ho 

a en artificial chromosomes. Such genes rnclude. bu, are not i^ to 
„n» that encode receptors, cytokines, enzymes, proteases, hormones, 

""To artiticia, chromosomes provided herein will be used in methods 
of protein end gene product production, particularly using 
ae, s for production of such products. They are also mtended or use n 
25 methods of gene therapy, and in for production of frans ge n,c plants and 
animals Idiscussed above, below and in the EXAMPLES]. 
1 Gene Therapy 

Any therapeutic gene product or product of a multigene pathway may 
be introduced into a host animal, such as a human, or into a targe ce 
30 for introduction into an animal, for therapeutic purposes. Such therapeutic 
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purposes include, genetic therapy to oura or to prov.de gene pro h 
are missing o, defects, to daiivar agents, such as ant,-,umor ag nts to 
gl c lis or ,0 an animal, and to provide gene products that 
Lance or raduca susceptibility ,a a pathogen or ameliorate symptoms o 
, a disease or disorder. The following are some exempiary genes and gena 
products. Such exemplification is not intended to be iimiting. 
a. Anti-HIV ribozymes 
As exemp.if.ed below, DNA encoding anti-H.V ribozymes can be 
intro duced and expressed using MACs, inc.uding the euchromat.n-based 

. SATACs These MACs can be used to 

10 minichromosomes and the SATAUs. 

;+h that PXDress a ribozyme and, thus, serve as 
make a transgenic mouse with that express a y 

Itodei for , sting the activity o, such ribozymes or from which nbo.yme- 
Lucing cel, iines can be made. Aiso, introduction of a MAC ,nto human 
cells that encodes an anti-HiV ribozyme wi,i serve as treatment for H,V 
15 infection. 

b Tumor Suppressor Genes 

Tumor suppressor genes are genes that, in their 
express proteins that suppress abnorma, cellular prciiferation. When the gene 
for a tumor suppressor protein is mutated or deleted, the result, 
20 mutant protein or the compiete lacx of tumor suppressor prote.n expre ,on 
Tay fa, to corractiy reguiate cellular proliferation, and abnorma, ceMuia 
Ziferabon may taxe piace, particuiariy if there is aiready ex.st.ng damage 
I * reguiatory mechanism. A number o, well-studied uman 

25 nonfunctional tumor suppressor genes. 

Examples of tumor suppression genes include, but are not 
the ratinoblastoma susceptibiiity gene or RB gene, the P 63 gene, the dented 
in colon cercinoma [DCC1 gene and the neurofibromas* type 1 INF-1 

, „„„ US Patent No. 5,496,731; Weinberg et 
tumor suppressor gene [see, eju. U.S. Patent , 
30 ,L ,1991. 284=1138-1146]. Loss of function or ,nact,vat,on o, tumor 
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i , . antral role in the initiation and/or progression 
suppressor genes may play a central role 

of a significant number of human cancers. 

The p53 Gene 

Zeraly with otHer g ene products. Tumor ceii iines in w * 

10 been deieted bave b een successful treated - 

■ - r co ^ Raker et al. (1990 Scjence 249.91^ y'oj- 
reduce tumongen.c.ty [see, Baker ex an 

,i- thP n53 oene and plasmids containing this DNA are 
DNA encoding the p53 gene arm r 

„ U S Patent No. 5,260,191; see, also Chen et aL 

is in the GenBank Database, accession nos. X5415b, A 

M 16494, K03199]. 

c. The CFTR gene 

Cystic fibrosis tCR is an autosome, racassive disease tbat a facts 
20 epitbeUa o, tbe airways, swaat g ,ands, pancreas, and otber or . t - 

■ * a ^/ith a defect in CI transport, and is causea 
iPthal aenetic disease associated with a deTecx k 

r— in tbe 9 ana cod,n 3 for cystic bbrosis ~ - 
conductance relator lCF TR,. a ,480 amino acid prote.n b at »b»n 

at a in response to cAMP-mediated a.onists and ~ ^ 

api oa, membrane cbanneis by cAMP-dependent prote.n ,n e A ^ PKA , 
<Ln tbe hi 9 n incidanca and devastating nature of tb,s d.sease, 
30 davalopmant of affactiva CF treatments is imperat.ve. 
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Th e CFTR 9 ane , - 600 Kb, can b e transferred, such as «™ • £™ 
lsee Green et al. Sconce 250:94-981 by construction of a selectable CF YAC 
I i HIT selectable mar.e, sucb as puromycin 

• an H A DNA by site specific integration into the neo 

rps stance and /-uinm u v 

QATAf The CF-YAC can be introduced into 

miniCh ~:^cVc n CbJ:: by yeast protoplast -ion or 

rii;::;; : z ™. «. — * ^ 

transformers, and establish antibiotic-resistant cell lines. 
2 Disease resistant animals and plants 

Ar «ficia, chromosomes are ideally suited ,or ^^ZZ 
resistant animals, include vertebrates and invertebrates. ,ncl d, ^ *- 
„ .* mammals In particular, multivalent vaccines can be prepared. 
Z b. encoded by multiple aniens that can be included n 

! MAC and either delivered to a host to induce immunity, or mcorporated 
2 embryos to produce disease-resistant animals and plants ,, plants and 

animals that are less susceptible) . produc , io n of 

Fish and crustaceans will serve as model hosts for pro 

ri;cf»a«;p resistant animals. 

3 Use o, MACS and other artificial chromosomes for preparation 
>n of and screening of libraries 

Since large fragments can incorporated into each SATAC, entire 

a Fnr pxamole DNA encoding tree growth 
genomes can be readily screened. For example, u introduce 
actors can be introduced into trees. Libraries can be prepared, ,n reduce 

;i; g ^ 

are not intended to limit the scope of the invent.on. 

EXAMPLE 1 

General Materials and Methods 

Th e followin, materials and methods are exemplary of methods 
ar e used in the following Examples and that can be used to pre. 
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suitab ,e materials and methods Known to those of *■» in the art may use. 
Modifications of those materials methods Known to those of sM, 

may also be employed. 

A C u„ura o< oaLfinea. oe,1 fusion, and transfecon of oe.la 

, Chinese hamster K20 cells and mouse A9 fibroblast cells 
' Entries US Patent No. 5,288,625. and 

were cultured in F-1 2 medium. EC3/7 Isee. U.b. 

deposited a, the European Collection of Animal eel, Culture (ECACC under 

S^ST, 88:81 0M, 1 0 and U.S. application Serial No. 
in ^cTisee U.S. Patent No. 5,288,625 and Praznovszky et aL (1991) 

10 EC3 ' 7C5 ' j q ■ II c i 88 .1 ,042-1 1046] mouse cell lines, and the 
toc^at^cad^JLS^ §8.1 042 

KE1-2/4 hybrid cell line were maintained in F-1 2 meoium 

„ g/ m, 0-418 ISICM. a ^ F1004G19CS mouse cells , described 

15 b e,ow, and the 19 X Ha4 hybrid, described below, and ■» 

cultured in F-1 2 medium containing 400,g,ml Hygromycin B ,C I -hern, 
LP11 cells were maintained in F-1 2 medium containing 3-15 «/m. 

Puromycin 1SIQMA, St. Louis, MOl. H «mH132 
3 cotransfection of EC3/7C5 cells with plasmids IpH1 32, 

20 P CH 1 1 0 available from Pharmacia, see. also Hall et aL (1 983) dJfcL^ 
Gen 2-101-109, and with A DNA was made using the calcium phosphat 

s z - «— - - «- - * t: "tAitrit 

7:2745-2752], using 2-5 « plasmid DNA and 20 *g ^ phage DNA per 

10 6 recipient cells. 

4. Cell fusion 

Mouse and hamster cells were fused using polyethylene glyco 
[Davidson „ * ,1976, Sg^LG^. -a5-176,. Hybrid cells were 
selected in HAT medium containing 400 M /ml Hygromycm B. 

Approximately 2x 10 ' recipient and 2x 10 e donor cells were , used using 

30 polyethylene glycol (Davidson et aL (1976) S^^** 1 ™- 
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(1962) ^^Jn^J^ 2:75-89, conta.n.ng 10 , C -^0 
„g,m, G418. The presence o, "parenta," chromosomes m the hybnds ceU 
:Laave rifi ea b v/ n s ftuh V bri d i2 a ti onsw ith apec i es-spea ifi cpra be aus,n g 

In iabe.ed Human and Hamate, gnomic DNA. and a mouse long 
interspersed repetitive DNA [pMCPEl.511. 
5 Microcell fusion 
MicrcceH-mediated cHromosome transfer was done according to 
Saxon a [l198B , mL^L 1:140-146, with the 
Ocodfe.ow et *X ,(1989, Technics for mamma„an S — 

m Genome Analysis a Practical Approach. K.E. Dav.es, ed., IRL Press, 
in Genome Ana,, Qmgmm 

: z - , . - « r d 

E B for 30 min. THe T25 flasks were centrifuged on edge and the peileted 
I I were suspended in serum free DME medium. The microce were 
filt ered tHrougH firs, a 5 micron end ,Hen a 3 micron polycarbo ate 

Ted witH 50 „g,m, of pHytohemagglutin. and used for polyethylene giv e, 
leled fusion with recipient ce.s. Selection o, cells conta,n,g * 

20 MMCneo was started 48 Hours after fusion in medium conta.n.ng 400-800 

//g/ml G418.6 

B Chromosome banding 

Trypsin G-banding o, chromosomes was performed using the method 
of Wang & Fedoroff U1972, Ngt^ 235:52-54,, and the deteCon of 
25 JZ ive heterochrematin with the BSC C-banding method was dene 
r ng,oSumner l(1 972,C^m304-306,. Por the detection o 
hLosome replication by bromodeoxyoridine .BrdU, ~a - t^ 
Fiuorescein Plus Giemsa [FPQ1 staining method o, Perry t Wo„f [.1974, 

Mature 25 1 : 1 56- 1 58] was used . 
30 C , mm une>abe» i ngo < o h ,o m osomes a nd, n s« Uh ybr i d iZ at,o„ 
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indirect immunofluorescence iabelling with human anti-centromere 
serum LU85! [Hadlaczky etak (1986) Exo J _£eiLRes i 16Z-'M 5, and indirect 
immunofluorescence and *, situ hybridization on the same preparation were 
performed as described previously [see, Hadlaczky et ah (1991 ) Er^ML 
5 Acad Sci. U.S.A. 28:8106-8110, see, also U.S. application Senal No. 
08/375 2711. Immunolabelling with fluorescein-conjugated anh-BrdU 
monoclonal antibody [Boehringer] was performed according to the procedure 
recommended by the manufacturer, except that for treatment of mouse A9 
chromosomes, 2 M hydrochloric acid was used at 37° C for 25 min. and for 
10 chromosomes of hybrid cells, 1 M hydrochloric acid was used at 37° C for 
30 min. 

D Scanning electron microscopy 

Preparation of mitotic chromosomes for scanning electron microscopy 
using osmium impregnation was performed as described previously [Sumner 
, 5 (1 991 ) Chmmosoma 100:41 0-41 8]. The chromosomes were observed w.th 
a Hitachi S-800 field emission scanning electron microscope operated w.th 
an accelerating voltage of 25 kV. 

E. DNA manipulations, plasmids and probes 
1 General methods 
20 All general DNA manipulations were performed by standard 

procedures (see, e^, Sambrook et ak (1989) Molecular cloning: A 
Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spnng 
Harbor NY]. The mouse major satellite probe was provided by Dr. J. B. 
Rattner .University of Calgary, Alberta, Canada]. Cloned mouse sa.elLte 
25 DNA probes [see, Wong et ak d 988) NuokAcidsRes, Ifi: 1 1 645-1 1 661 1, 
including the mouse major satellite probe, were gifts from Dr. J. B. Rattner 
University of Calgary. Hamster chromosome painting was done w,th total 
hamster genomic DNA, and a cloned repetitive sequence specific to the 
centromeric region of the chromosome 2 [Fatyo, et *L d 994, Nud^eHs 
30 Res, 22:3728-37361 was also used. Mouse chromosome painting was done 
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with a Coned long interspersed repetitive seguence ,pMCP1 .611 specific for 

the mouse euchromatin. .„,.„ 

For cotransfection and for *, si,u hybridizabon, the pCH110 0 
g a,ac,osidase construct IPharmacia or Invitrogen,, and id 875 Sa m 7 phage 
5 DNA (New England Biolabs] were used. 

2 Construction of Plosmid pPuroTel 
Plasmid pPuroTel, which carries a Puromycin resistance gene and a 
clo „ed 2.5 ■* human telomoric seguence Lsee, SEQ ID No 3 . was 
constructed from the pBabe-puro retroviral vector [Morgenstern et §L ^ 990, 
,0 Nucl Acids Res. 08:3587-3596, provided by Or. L. Szekely <M,crob,o,o v 
^fr^or^ogv Center. Karolinska Institute,. Stockholm,; see. also 

„ R9- 9-^75-2378- Dunckley et ah (1992) FEbb 
n\ (1994) Infect, Immun. 62.^ /s ^ u 

15 ^« Blood. 25:1095-1103; Internationa, PCT appl,ca„on Nos. WO 
9520044; WO 9500178, and WO 9419456). 
F Deposited cell lines 

Cell lines KE1 2/4. EC3/7C5. TF1004G19C5, 19C5xHa4. G3D5 and 
H103 and have been deposited in accord with the Budapest Treaty at the 
20 European Collection of Animal eel, Culture (ECACC, under Accession Nos. 
96040924. 96040925. 96040926, 96040927. 96040928 and 96040929. 
respectively. 

EXAMPLE 2 

Preparation EC3/7, EC3/7C5 and related cell lines 

The EC3/7 ce.l line is an LMTK" mouse cel. line that conta.ns the neo- 
centromere. The EC3/7C5 cel. line is a sing.e-ce.l subo.one of EC3/7 that 
contains the neo-minichromosome. 
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a EC3/7 Cell line 

m c osR fi?5 [see also Praznovszky et 
As described in U.S. Patent No. 5,288,625 isee, a 

o ■ 1 1 e a 88-11042-1 1046 and Hadlaczkyet 
al (1 9 9l )ProcJ^Acad_S^aS^ 

- TT^TZT^Ta 88-81 06-81 1 0] de novo centromere 

al (1991) Prog Natl. Acad^ScujJJ^A, rcnQ/71 
T^ITmouse LMTK-fibroblast cell line [EC3/71 

UCM81 and a dominant marker gene WgtWESneo], 

, r o . dnntinant nta.at gana ,neo-oe— was .a,™ -nousa 

LMTKaaUnnaEC^aazkv^OS^ 

c- ro n Intearation of the heterologous DNA Itne a 
88-8106-81 10, see Figure 1 J integrant 

6 ;r::;::: on^-^j^- 

L naw,y fa-ad aantromata ragion can,ains a„ tha hatarCoguus DNA 
111, Lbda. ana nao> inttoduaad into the aa, and an aotiva aant,onwe. 

20 Hav.ngtwo.unatiana.vaa^aaanuan.a.asantHaaa.aa^osan.a 
aauaas raguiar braakages batwaen tha cantranwas ,saa. F.gure ,E1. Tha 

Zaa atwean tha two oantronwes an tha diaantrio ahra.asama 
d,atanaa ba . Q1 5 Mb and the braakaga that separates the 

or: 5 between the ~ eentronteres. Sueh sP.i, 
26 ch _e breakages resuit ^^IZ^^ 

;r::rr — — :r 

Lid, and nao gana DNA, but i, a,aa has santa ^ «*^^ 
Cvtologieal avidanaa suggeats that during tha stab.Lzat.on af tha MMCnao. 
30 that:: an inverted duration or tha ah— a .agntant beanng tha 
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neo -centromere. The size of minichromosomes in both cel, lines ,s 
aooroKimately 20-30 Mb; this finding ,ndioa,es a two-fold increase ,n size. 
" Tom the EC3,7 cel, iine. which contains the dicentric chromosome 
lFig ure , El, two subiines .EC3/7C5 and EC3/7C6, were seiected by repeated 
5 glcel, cionin 9 . in these oei, iines. the neo-centromere was ound 
lusively cn a smaii chromosome .neo-minicnromosome,. while h 
orteriy dicentric chromosome carried detectable amounts of the 
"usiy-derived OHA sconces but not an active neo-centromere 

l0 lFi9Ur ^:— os omesofce 1 „ i nes E C3 /7 C 5 and E C 3 ,cearesimi,a : 
N u differences are detected in their architectures at either the cyto^ca, 
m0 ,ecu,ar levei. The minichromosomes were indistinguishable by 
"1,^ restriction endonuoiease mapping or W^-P™ 
using pulsed fieid eiectrophoresis and Southern hybridization The 
., crwffi line showed an increased sensitivity to 

15 cvtoskeleton of cells of the EC3/7C6 line snowe 

V . fhp EC3/7C 5 line was used for further detailed analysis. 

colchicine, so the EC3//t-o line " 

B Preparation of the EC3/7C5 and EC3/7C6 cel. hnes 
integration of the "foreign" DMA, and subsequent amplification of 
m0 us nd "foreign" DNA that leads to the formation o, a dicen r 
20 chromosome, occurs at the centromeric region o, the short arm of m s 
chromosome, identified by G-banding as mouse chromosome^ Becauseo 
th e presence of two function* active centromeres on the same 
chromosome, regular breakages occur between the centromeres. Su 
ecific chromosome breakages give rise to the appearance n 
25 Tppro— ,0» of the cells, o, a -^^^Z 

— rir rrcainrelr tJe dicentric 
chromosome. rrom xne 
hromosome or a chromosome fragment with the neo-centromere two 
sublines .EC3/7C5 and EC3,7C6, were seiected by repeated 
30 I in . n these eel, lines, the neo-centromere was found exclusively on a 
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, ■ th P FP3/7 cell line in high concentrations of G41 8 
orrtHured bv subc oning the ELo/ / ceu ime » 

cell lines IEC3/7C5 and EC3/7C6, were established. These cell l.nes carry 
2S=5££S- on minichromosomes and a,so contain the rema,n,n g 
in^ZTtric chromosome, -direct immunofluorescence w,th 
Xntromereantibodiesand^ 
,0 de.onst.ted that the — o^-ved ^ ^ ^ ^ 

° hr ° m r m ;- re sp c," Z dicentric chtontoson.es wete found and 
metaphases, respecovelyl q7 , % and 98.1% of the cells, 

minichromosomes were detected ,n 97.2 h and 98 „„„ r150cell 
respectively The minichromosomes have been mainta.ned for over 1 50 

Chr0 ™e copies ot telomeric ONA sequences were detected in ^ 
mark er centromeric re gi on o« the dicentric chromosome by m^U V "d- 
«.„ This indicates that mouse telomeric sequences were eoamp„f,ed w * 
20 he forei g n DNA sequences. These stable m inichromosome-carry,n 9 c 

ne provide direct ev.dence that the extra centromere con,a,n,n g human 
ON A is function,, and is capable of maintain*, the minichromosomes ,see, 
U.S. Patent No. 5.288.625]. ^ ^ 

The chromosome breaka g e m the EC3/7 cells, w H 
2B neo-centromere from the mouse chromosome, occurred m the G-band 
it e W DNA -ion. This is supported by the observa .cn 
Lees o, A and human DNA sequences at the broken end of the formerly 
chromosome. Comparin. the G-band pattern o, the chromosome 
f ra 9 ment carryin, the neo-centromere with that of <h stable neo 
30 minichromosome. reveals that the „ao-minichromosome ,s an 
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duplicate of the chromosome fragment that bears the neo-eentromere. This 
s a o e Lenoed by the observation that although the neo-minichromosom 
1 hes only one functional oentromere. both ends of the minichromosom 
Z heterochromatic. and mouse satellite DNA seguences were found ,n 
5 these heterochromia regions by In situ hybridization. 

These two cei, lines EC3,7C5 end EC3,7C6, thus, carry a se ec, b, 
mam ma,ian prochromosome ,MMCneo, with a centromere i l.nke 
dominantmarkergeneHad,aczky^099 1 ,P f ^^ 
88-8100-81101. MMCneo is intended to be used as a vecto fo 
,0 ^losome-mediated g ene transfer and has been used as mode, o, a 
minichromosome-based vector system. 

Long range mapping studies of the MMCneo indicated that human 
DNA and he neo gene constructs rntegrated into the mouse chromosom 

eparately, foiiowed by the ampiifioetion o, the chromosome t 

,„ M TKa MMCneo contains about 30-50 copies oi 

15 contains the exogenous DNA. The rviivi>- 

* aCM8 and agtWESneo DNA in the form of approximately 160 
the -1CM8 ana /igtvvc addition 
repeated blocks, which together cover at least a 3.5 Mb rag on. 
to these there are mouse telomeric sequences ( Praznovszky * «L H 99 
^^^^^ ^042-^046, and any DNA of mouse 

2 „ Sn^^T^c. higher-ordered structural organization o, 

"^Ltg a chromosome painting probe mCPEf.61 .mouse iong 
interspersed repeated DNA., which recognizes exolusiveiy euchromatic 
2 DNA, detectable amounts o, interspersed repeat seguences were 
26 find on the MMCneo by ,n * hybridization. ^^"^ 
associated with a small but detectable amount of satellite DN 
h lie breakage that separates the neo-centromere from the mous 
chromosome occurs in the "foreign" DNA region. This is demons, ated by 
h presence o, lambda and human DNA at the broken end o, the former* 
30 dlcchromesome. M both ends of the MMCneo, however, there traces 
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of mouse maior satellite DNA ocour as evidence by *, *u hybr,d,zat,on. 
T : lervalion suggests that the doubling ,n size o, the chromosom 
Lmen, carrying the neo-centromere during the s,ab„,zat,on at the 
ZLo is a result o f an inverted duration. Although mouse telomem 
, seouence, which coamplified with the exogenous DNA 

h neo-oentromere formation, may provide sufficient telomeres for th 
MM Cneo, the dupiication couid have suppiied the functionai telomeres for 

the minichromosome. 

C .so.ation and partial purification of minichromosomes 

Mitotic chromosomes o, EC3/7C5 cells were isoiated as described by 
HadlaczKy et ai. U1981, £h— 81:537-555,. us.ng a 
::e.hLy 1 7ne g 7ycoibufferays t em 1 Had,acz k y^ (19 S 2 ,^ b= 
86-643-6591. Chromosome suspensions were centnfuged at 1 ,200 x g for 
fo lutes. The supernatant contaimng minichromosomes was cent, uged 
1B at 5.000 x g for 30 minutes aod the peiie, was .suspended n the 
appropriate buffer. Partiaiiy purified minichromosomes were stored ,n 50 /o 

nlvcerol at -20° C. 

D Stability of the MMCneo maintenance and neo express.on 

EC3/7C5 ceils grown in nonselective medium for 284 days and then 
20 transferred to selective medium containing 400 „g,ml 041 8 showed a 96 /o 
20 Ig efficiency fcolony formation! compared to control ce.s cu u d 
permanently in the presence of 0418. Cytogenetic analysrs rndrcat d that 
MMCneo is stably- maintained a, one copy per cell both un der^c rve 
and non-se,ec,ive culture conditions. Only two metaphases w.th two 
25 MMCneo ware found in 2,270 metaphases analyzed. 

Southern hybridization analysis showed no detectable changes 
restriction patterns, and similar hybridization intensities were observed wrth 
a l probe when DNA from calls grown under selective or non-se,ect,ve 
culture conditions were compared. 
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Modern analysis of RNA transcripts from the neo 9 ana .solated fr m 
ce „s crown under selective and non-seiective conditions showed - 
d o, significant differences. Expression of the „eo 
C3/7C5 ceils maintained in M 2 medium free of G4f 8 far 290 days undo 
" lective cuitura conditions. The long term expression of the neo 
e s f rom tfre minichromosome may b e influenced by the nuclear location 
o the MMCneo. *, s»u hybridization experiments reyeaied a 

era, iocation o, the MMCneo ,n the interphase nucleus. In more h 
SOol o, the 2.500 nuciei anaiysis. the minichromosome was observed a, the 
perimeter of the nucleus near the nuclear envelope. 

EXAMPLE 3 

Minichromosome transfer and production o. the ,-neo-ohromosome 
A Minichromosome transfer 

The neo-minicnromosome .referred MMCneo. PIG. 20, h « .been used 

; for gene transfer by fusion of minichromosome contammg cells iECS/JCB or 

K3A7C6, with different mammalian cells, including hamster and h mam 

Thirty-seven stable hybrid cel, lines have been produced. A establ.sh d 

hy Jd ce„ lines proved to be true hybrids as evidence , by , , s - 
hyb ridizationusingbiotinylatedhuman.andhamstergenom,c.orpMC^.B1 

0 mouse long interspersed repeated DMA probes for 

The MMCneo has also been successfully transferred ,n,o mouse A9 
L92 9andp,uri P otentF9.eratocarcinomacellsbyfusionofmicroce„sder,ved 

from C3 7CB cells. Transfer was confirmed by PCH, Southern biotfrng and 
:l hybridation with minichromosome-specific probes. The cy ogenefrc 

* anelysis confirmed that, as expected for microcel, fusion, a few cells ,1-6 M 
received [or retained] the MMCneo. 

These demonstrate that the MMCneo is tolerated by a w,de range o 
cells. The proKaryotic genes and the extra dosage for the human and 
, amb da seguences carried on the minichromosome seem to be 

30 disadvantageous for tissue culture cells. 
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The MMCneo is the sma„es, chromosome o, th. EC3/7C5 genome 
and is estimated to be approbate, 20-30 Mb. which Is sign, can. 
smaller than th. majority of the host cel, (mouse, chromosome By virtue 
^a smaller size, minichromosomes can ha partialiy purified from a 

5 : ;;„s :; so,,. bv . ««— ca—^ 

n ths way. minichromosome suspensions of ,5-20% purity have be 
"e p red These enriched minichromosome preparations oan ba uaad to 
ZZL suoh as by microinjection or faction tha -*|«*^- 
selected target caiia. Target celis include tharapaubc cells that oan ba use 

no : : rids « ^ ^ ^ ^< - <* *• — - °- 

maintained in cells, and permits persistent expression of tha - gena sK 
evan after long-term culturing under non-sa,act,va condit.ons^ t 
,B non-intagrative vaator tha, appaars to oocupy a territory naar the nuc aa 
15 non integrant n „.i. u . ma v have an important 

envelopa. Its peripheral localization ,n the nuoleus may 
„„ in maintaining the function* integrity and stability o, ^J*«- 
Fu nctiona, compartmentalization o, the host nucleus may hava an a. on 
the function o, foreign seguences. In addition, contains magabases 
20 I! DNA seguencee that should aerve aa a targe, site f„ — gous 
recombination and thus integration of desired gene(s, into tha MMCnec, 
1 be transferred by cel, and mlcrocal, fusion, 
,ec, operation, or chromosome uptaKe. The neo-centromera of th 
Zc o is capable o, maintaining and supporting tha norma, segragatio n o 
25 !ge , 50-200 Mb ,nao chromosome. This result ,B, demonstrates h 

ohonld be useful for carrying large fragments of 
the MMCneo chromosome should be useTui m 

heterologous DNA. 
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B Production of the ,1-neo-ohtomosome 

, n „ n e hybrid col, line KE1-2/4 made b y fusion o, EC3/7 and Chinese 
hamst r ovary ce„s ,F.G 2D,, the separation o, the neo-centromere from the 
7Zc chromosome was associated with a further amplifioahon proces, 
. This amplication respited in the formation o, a stahie, ch_m 

:.^c r ^^ :=r — : 

,0 DNA sequences [see FIG 2]. The ampiic 

b . »t al MT11I Pr— Ma " Acart Sr1, u - b A - 
satellite DNA IPraznovszky el aL (1991> —^7^^ 

aa;110«-110«l which forms narrow bands of 
heterochromatin between the amplicons. 

EXAMPLE 4 

1B Formation of the "sausage chromosome" ISO „ thatthe 
The findings set forth in the above EXAMPLES demonstrate th , the 
centromeric region of the mouse chromosome 7 has the capacty for large- 
I amotion [other resuits indicate the, this c^^^ 
chromosome 7,. This conclusion is further supported by esu.s o 
20 cotransfection experiments, in wb.ch a second dominant seie tab, ma 

gene and a non-sa,ected marker gene were introduced mto EC3/7 ^ cel s 
rying the formerly dicentric chromosome 7 and the neo-m,n,chrornosom. 
" "he EC3/7CO ce„ line was transformed with , phage DMA 
hy9 romycin construct lP H1 32,, and a *-ga,actos,dase 
2B S able , ansformants were selected in the presence of hig^eor^e— 
" Lmn Hygromycin B, and analysed by Southern hyb— 
Established transformed cel, ,ines showing multiple cop.es o r, g^ 
exogenous DNA were studied by in situ hybr,d,za„on to local.ze the 
;:rationsite ( s,.andbyLacZstainingtodetec„-ga,ac,os,daseexpress,on. 
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A. Materials and methods 

1 Construction of pH 132 

The pH, 32 piasmid carries the hygromycin B resistance gene and the 

i„.„ CPA in NO. 6 for DNA sequence that 
anti-HIV-1 gag nbozyme [see, SEQ ID NU 

corresponds to the sequence of the ribozyme, under control of the 0-a 
p mo er This p,asmid was constructed from pHyg piasmid [Sugden « 
rM^L^L 64KM13; a gift from Dr. A. D. Riggs Bee m an 

el c^^'- - - U P3,ent N \ 4 '! h -3 31 
fr om pPC-RAG1 2 piasmid ,see, Chang et ,L (1 090, CJmM 2-23-3^ 

, provided by Dr. J. d. Rossi, BeCman Research institute, Duarte; see, *o 
U S Pa en No.. 5,272,262, 5,149,796 and 5.144,019, which deaenbea 
h I-HiV gsg ribozyme and construction o, a mammaiian expression 
vector containing the ribozyme insert linKed to the .-actm ^ 
SV40 late gene transcriptian, termination and poiyA s.gnals,. Th nbozyme 

6 Lett flan.ed by ^ «- was inserted into f^HI digested pH,-Ap - 

. ■ nnn 7 ) r IUL Nnti_A~ H U-S-A. 84. w 
1 apt [see, Gunning et ai, (198/) mc^jNd 

. n u S Patent No 5,144,019]- An EcoRI/Xnol fragment of 
4835, see, also U.S. Katenx imu. ~>, 

this vector was inserted into E^Ri/XbgWigested pHyg 

Piasmid pH132 was constructed as foilows. ™ 2 
,0 .described by Chang MM- (1 990, OfO— 2=23-31 . was d.gesb* wd 
" ^h, to excise a fragment containing an anti-HIV ribozyme . ^ 
» as ribozyme D by Chang et H1990, CUa^Mab. 2:23-31,, see a^o 
n s Patent No. 6.144,019 to Rossi et ^. particularly Rgure 4 of the 
^n led by the human ,-actin promoter at the , end o, the gene and 
25 h TsV40 iate transcriptional termination and polyadenyiation s.gna s a the 
3 end of the gene. As described by Chang et aL 1(1990) DjrL^Bjgtechi 
I Z bozyme D is targeted for cleavage o, the translation, initial 
a on o, the hIv gag gene. This fragment o, pPCRA312 was — 
into P Bluescript-KS, + , .Stratagene, La Joiia, CAJ to produce piasm.d 13SL 
30 ZL 132 was then digested with ^ and EggRi to yield a fragment 
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00.3*, the ribozyme 0 gene flanked by the ^ promoter « *• * 
end and tha SV40 termination and polyedenylabon s.gnals a. tha 3 end o 

EooRI and Sail to yield pH132. Thus, pH132 .s 

Staining following elements: the ,-actin promoter linked to an ant -H,V 
To m gene followed by the SV40 termination and polyadenylabon 
gn 71 thymidine k.nase gene promoter linked to the hygromyc, 
Is. nee gene followed by the thymidine kinase gene polyadenylabon 



10 

gene 



The plasmid pHyg ,see. ^ U.S. Patent Nos. 4,997.764^ 
4 686,! 86 and 5,! 62,21 B. whioh oonfers resistanoe to hygromycn Bus, 9 

x uqv 1 tk aene was originally constructed 

transcriptional controls from the HSV-1 tk gene, y 

„ fln9 fYates et al. (1984) ^0^^^^-^-^^ 
15 ITU 33 ,0 P^see, 0* « 0983, ^ 2^8,88,. 
Se y P Kan2 was digested with Sma, and Bgll, to remove the seguenees 

d from transposon TnB. The hygromycin-resistance hph gene w 
t Led into the digested pKan2 using biunt-end ligadon at the na s,t a 

20 "sticky-end" ligation [using 1 Weiss unit of T4 DNA l.gase (BRU .n 
20 sbcky end g ^ ^ Qf pKan2 were 

microliter volume) at the tsgm site. 

lost during ligation. . 
The resulting plasmid p H1 32, produeed from ,n,roduot,on of the , 

H,V ribozyme oonstruot with promoter and polyA site into P".-'** 
25 ant ,H,V rihozyme under control of the p-actin promoter as we,, as tha Hyg 
gene under control of the TK promoter. 
2 chromosome banding 

Trypsin G-banding of chromosomes was performed as descnbed ,n 

EXAMPLE 1 . 
30 3. Cell cultures 
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TF1004G19 and T F1 004G19C5 mousecells and the 19*Ha4 hybrid, 
.escribed below, and its sublines were cultured in M 2 medium contain,n g 

400 f/g/ml Hygromycin B [Calbiocheml. 

B Cotransfection of EC3/7C5 to produce TF1004G-19 

B ' Cotransfection of EC3/7C5 cells wi,b plasmids IpH132 pCHIVO 
available from Pharmacia, see, aiso Hal, «t (1983) UM^^ 
" Z ,09, and with „ DNA Mc. 875 Sam 7,New En gl and Biolabs,, was 
Ide using tbe calcium pbosphate DNA precipitation method Isee^ 
Chen ^,,987, M2 LC e!! ^L2:2745-2752,, using 2-6« plasmid DNA 
10 and 20 „ * phage DNA per 5x10= recipient cells. 
C Cell lines containing the sausage chromosome 

' one transformed TF10046-19 was identified. It has a high copy 
number o, integrated pHI 32 and pCH1 1 0 seguences. and a higf , evel o^ 
ga ,actosidasa expression. G-banding and *, s/tu hybridization w,tb a human 
1B p Z "cM8; see, ^ U.S. application Serial No. 08/375,271, revea ed 
nexP ctedl that integration had occurred in the formerly dicentric 

Home 7 of the EC3/7C5 eel, line. Furthermore, 
carried a newly formed heterochromatic chromosome arm. The size o, this 
carneoaiio y individual 
heterochromatic arm varied between - 1 50 and 

20 metaphases. TC1 O04G-19 cell line, a subclone 

By single cell cloning from the TF1004G IS ' . 
TF 10 04G- 19 C5 [FIG 2D,, which carries a stable chromosome 7 with a 
-100-1 50 Mb heterochromatic arm I the sausage chromosome, was 
obtained This cel, line has been deposited in the ECACC under Accession 
25 No 5040926. This chromosome arm is composed of four to five satellite 
se 9 Lts rich in satellite DNA, and evenly spaced integrated heterologous 
foreign" DNA seguences. At the end o, the compact heterochromia arm 

. ip^ condensed euchromatic terminal 
of the sausage chromosome, a less condense 

■ Thic o.ihclone was used for turtner 
segment is regularly observed. Th.s subclone 
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D Demonstration the, «he sausage chromosome is derived from the 
formerly dicentric chromosome 

,„ s «u hybridization with iambda phage and pH132 DMA on the 
TF10 04C.19C 5 ce„ ,ine showed posrtive hybridation only on , he 
; minichromosome and on the heterochromatic arm o, the sa sag 
chromosome ,Fig. 20,. it appears the, the "sausage" — ~ 
also referred to as the SC, deveioped from the formeriy d.centnc 
chromosome (FD) of the EC3/7C5 cell line. 

TO estebiish^integration sites of pCHf f 0 and pHI 32 plasm.ds 
0 redetermined. ZZ. accompiished by *, ^ hybnd.ation on th e 
cells with biotin-iabeled subf regments of the hygromycn res.stance gene and 
h e ,-galactosidase gene. Both experiments resulted in narrow by bnd.n 
bands on the heterochromatic arm of sausage chromosome. The same 
y Nation pattern was detected on the sausage chrornoso me^ng 
,5 mixture of biotin-iabeled a probe and p H1 32 plasm.d. prov.ng 
cointegration o, lambda phages, pHt32 and pCHf fO ^ 

To examine this further, the cells were cultured m the presence of the 
DMA-binding dye Hoechst 33258. Culturing of mouse cells in the presence 
!f this ye results in under-condensation o, the pericentric heterochrony 
20 mate base chromosomes, theraby permitting better observation of the 
Hybridization pattern. Using this technique the heterochromatic arm o 
age chromosome o, f9C5 cel, showed regular under-condensat, on 
Ung the details of the structure of "sausage" o— * 
Hybridization. Results of *, siw hybridizat.cn on Hoechst-treated 
2B TF1004G/19C5 cells with biotin-labeled subfragments of hygromyc, 
Stance and ,-gaiactosidase genes shows that these genes are oc,,ze 
on ,y in the heterochromatic arm of the sausage chromosome. In add,, on an 
equal banding hybridization pattern was observed. This pattern of re eating 

30 by an amplification process and thatthe lambda phage, pHI 32 and 
plasmid DNA sequences border the ampUcons. 
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, n another series of experiments, us.ng fluorescence *, situ 
^Laflon , F ,SH, was carried out with mouse major 
Jain component of the mouse pericentric heterochromat.n, the resui s 
SLd that the ampiicons of the sausage chromosome are pr,mar, ly 
composed of satellite DNA. 

E The sausage chromosome has one centromere 

To determine whether mouse centromeric sconces had participated 
in , h e amplification process forming the -sausage" chromosome and whethe 
o, the ampiicons carry inactive centromeres, „ situ ^« 

■ nnr sa tellite DNA. Mouse m.nor satellite DNA is 
rarried out with mouse minor satellite vi*^ 

J led specifically near the centromeres of ... mouse chromosome 
Pos tive hy ridization was detected in a„ mouse centromeres rncludrng h 
[Lge chromosome, which, however, only showed e posit.ve s.gna, at the 
hPainninq of the heterochromatic arm. 

9 direct immunofluorescence with human anti-centromere 
, LU 851, that only which can recognizes the functional centromeres -see, 

^ mosome has on.y one active centromere. The centromere comes rem 
L formerly dicentric pert of the chromosome end co-,oca„ Z es w,th the 
20 situ hybridization signal of the mouse minor DNA probe. 

\ High levels of the heterologous genes ere expressed 

The TF1004G/19C6 cell line thus carries multiple cop.es of 

,.„ resistance and ,8-galactosidase genes localized only ,n the 
25 hygromycm resistance 

heterochromatic arm of the sausage chromosome. The 1 9C5 cells 

well in the presence of 200 ,g/m, or even 400 ,g/ml hygromycn a 
;ZZ. of expression was determined by Northern hybridization with 
subfragment o, hygromycin resistance gene and single copy gene . 

The expression of the non-selected ,-ga,actos,dase genern te 
TF1 004G/1 9CB transformant, was detected with LacZ staining of the cells. 
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Bv this method one hundred Percent of the cells — 
tha t there is a high - o f ,-gaiactosidase.pr ess,on ,n - -So ^ 
2. The heterologous genes that are expres 
heterochromatin 

To demonstrate that the genes localized in the constitute 
Heterochromatin ot the sausage chromosome provide the hygromyc, 

. • „w;i;tw nf 1 qC5 transformant [ue^p-gai 

resistance and the LacZ sta.n.ng capability of 1 9Cb 

resibld xc1 nnAH/19C5 mouse cell and 

express] PEG induced cell fusion between a TF1 004G/1 9Co m 
express], rc hvbrids were selected and 

Chinese hamster ovary cell was performed. The hybrids we 

Ltained in hi AT medium containing S.. = - = 
,200 pbWI- Two hybrid Cones designated 19 C5xHa3 
W hich has been deposited in the ECACC under Access.on No. 960409 7^ 
w8r e seiected. Both carry the sausage chromosome and 

, miniCh — Teven s.ngle eel, derived coionies ot , 9C B *Ha4 hybrid were 
ma ,nta,ned a d anaiyzed as individual subclones, in s„u hybrid,za„on w,th 
I! end mouse chromosome painting probes and hamster chtomosom 
/specific probes ventied that the ,90^4 Cone contains . e 
Chinese hamster genome and a partial mouse genome. A.I 19C5xHa 
0 suTc ones retained the hamster genome, but d.fferent subclones showed 
dme f ent number o, mouse chromosomes Seating the preference, 
elimination of mouse chromosomes. 

To promote further elimination o, mouse chromosomes hybnd c II 
were repeated treated with BrdU. The BrdU treatments, which destab z 
, 5 the genome, result in significant loss of mouse chromosomes. The BrdU 
led 1 9C5xHa4 hybrid ce,ls were divided to three groups. One grou p o 
he hybrid ce„s (G H^main,ained in the presence o, hygromy <*» 
Wml> and G418 ,400„g,ml>. and the other two groups of the cells we e 
"lured under G41 8 ,G, or hygromycin ,H, selection conditions to promote 
30 the elimination of sausage or miniohromosome. 
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One month later, single cell derived subclones were estab shed from 
tnese three subcultures of the TF 10 04G/ 19 C5xHa4 hybnd ne T 
lines were monitored by ft, s«u hybridization with biotin-labeled lambd 
ha and hamster ohromosome paint.ng probes. Pour individual Cone 
G2B5 G3C5 G4D6.G2B4, selected in the presence of G41 8 that have lost 
L usage chromosome but retained minichromoseme were found. Under 
h y g lycin selection only one subclone tHIDS! lost the minichromoseme. 

In this clone the sausage chromosome was present. 

Sincehygromycinresis,anceand,-ga,actosidasegenesweretoug 

, to be expressed from the sausage chromosome, the express.on of th e 
Ines were analyzed in the four subclones that had los, the sausa 

„ in the presence of 200 m M hygromycin, one hundred 

; ::~ e «sz:^ — - «• * — - *~\- 

r a ldose expression hybrid subclones were analyzed by LacZ s,a,n,ng. 

chromosome also lost the LacZ staining capability. All of the other hybnd 
lies that no, lost the sausage chromosome under the non-seleCve 
culture conditions showed positive LacZ sta,n,ng. hvaromycin 
These findings demonstrate that the express.on of hygromyan 
20 resistance and ,-ga,ac,osidase genes is linked to the presence o h 
sausage chromosome and results of ft, «*, hybridizat,ons 
Teterlgous DNA is expressed from the constitutive heterochrony of the 

sausage chromosome. 

By ft, .to hybridization in three other hybrid subclones KMC6 ^G2 D1 
2B and G4D5, the presence o, the sausage chromosome was not detected. By 
he LacZ staining method some stained cells were detected ,n these hybnd 
L and when these subclones were transferred to hygromyen se lechon 
le coionies survived. Cytoiogical analysis and ft, * hy— ,o 
th ese hygromycin resistance colonies revealed the presence^ ~ 
30 chromosome, suggesting that only the ceils of G2C6, 
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hvbrid s that had no, lost the sausage chromosome were abie 

neomycin resistance and ^-gaiactosidase express.on. These result 

Zed that the expression of these genes is linxed to the presence o, the 
III; chromosome. The ,eve, of ,-galactosidase express.on was 
S determined by the immunobiot technique usin g monodona ant*od 
Hygromyoin resistanoe and ^-gaiactosidase express.on of the 
which contained the sausage chromosome were provided by the gene 
rot! themousepericentricheterochromatin ■ 

bv performing Southern DNA hybridizations on the hybr.d cells that lack the 
0 s uste chr mosome with PCR ampiified subfragments of hygromyo, 
sis Le and ,-galactosidase genes. None of the subclones showed 
; di on wfth these probes, however, a„ o, the analyzed Cones 

sausage chromosome showed intense hybridization w.th these DNA p obes. 

16 These results iead to the conciusion that hygromyoin res.stance and 0. 

1 6 Th .„„ of , he cells that contain the sausage chromosome 

aalactosidase express.on of the ce..s in „„i<-.ntr.c 
Le provided by the genes iooaiized in the mouse per.oentr.e 

heterochromatin. 

EXAMPLE 5 

i„to Chinese hamster ceiis by cel, fusion. Using Hygromyoin B/H AT 
Action, two hybrid Cones 1 9 CBxHa3 and 1 9C5xHa4 were pro u ed , 
carry sausage chromosome. ,n s„u hybridization, us.ng hamster and mouse 
25 hlosome-painting probes and a hamster chromosome 2 speo.f.c pro* 
I that Cone , 9CBxHa4 contains a compiete Chinese hamster genom 
a „e„ as partia, mouse genomes. Twenty-seven separate colon e of 
" C6XH- cells were maintained and anaiyzed as individua, subclone. 
Twenty-six ou, o, 27 subCones contained a morphoiogieally unchanged 
30 sausage chromosome. 
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,n one clona 1 9C5xHa47 Isee Fig. 2E1, the nephroma* arm of the 
sausage chromosome became unstable and showed con_ 
Lachromosoma, growth. In extreme cases, the amplified chromosome arm 
exceeded 1000 Mb in size (gigachromosome). 

EXAMPLE 6 

The stable megachromosome 

A Formation of the megachromosome 

All 1 9C5xHa4 subclones retained a complete hamster genome, but 
Cerent subclones showed different numbers o, mouse chmmosome, 
indicating the preferential elimination of mouse chromosomes .As d 
in Example 4. to promote further eiimination of mouse chromosomes, hybnd 
,n amp - t h 1 0" 4 M BrdU for 1 6 hours and single cell 

cells were repeatedly treated w.th 1 0 M BrdU to destabl | ize 
subclones were established. The BrdU treatments appeared to des. ,ze 
th e genome, resulting in a change in the sausage chromosom as wel A 
6 gr adua, increase in a cell population in which a further -P«- hon h d 
o grduua mo-150 Mb heterochromatic 

occurred was observed. In addmon to the ~ 1 00 1 50 M 
arm of the sausage chromosome, an extra centromere and a - 1 50-250 Mb 
Z Th ematic —some arm were formed, which d.ffered from those 
o mouse chromosome 7. By the acguisition of another euchroma, 

20 ermine, segment, a new submetacentric chromosome ^ 
wa s formed. Seventy-nine individua, subclones were establ.shed rem hese 
BrdU-treated cultures, by single-cel, cloning: 42 subclones earned the ac 
m egachromosome, 5 subclones carried the sausage chromosome, and ,n 32 
II fra gments or translocated segments of the megachromosome 
26 jrobserved. Twenty-six subclones were cultured under non-se,chve 
conditions over a 2 month perrod. ,n 19 out of 25 sub.on 
m egachromoaome was retained. Those subclones ^ *• 

m egachromosomes a„ became sensitive to Hygromycn B and had no ? 
g a,actosidase expression, indicating that both markers were linked to 
30 megachromosome. 
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Two sub,inas ,G3D5 and H1D3». which were chosen for further 
experiments, showed no changes in the morphology o the 
experiments, aenerations under selective 

megachromosome during more than 100 generatio 

conditions. 

« r structure of the megachromosome 

The fo„owing resuhs demonstrate that, apart from the euchromatic 
terminal segments, the whole megachromosome is constitutive 
h e,erochroma,in, containing a tandem arrav of at ^ ™ ™ 
blo cks of mouse me j0 r sateiiite DNA ,see Figures 2 and 3,. Four sa,e„„e 
l0 DNA blocks are organized into a giant palindrome famplicon, carrying 
integrated exogenous DMA seguences a, each end. The ong and short 
armS of the submetacentric megachromosome contains 6 and 

ampiicons, respectively. „ rim . ri lv of 

The megachromosome is composed pr.mar.ly 

- c heterochromatin 

Except for the terminal regions, the megachromosome is composed 
primary of heterochromatin. This was demonstrated by G-banding of the 
'^chromosome., which rasuited in positive staining 

u otin Anart from the terminal regions, the whole 
constitutive heterochromatin. Apart Trom 

20 megachromoeome appears to be heterochromatic. Mouse ma.or sate 

DNA is the main component of the pericentric, constitutive heterochrony n 
flse chromosomes and represents — ™ 

a, ,1960) 3^15*791-794,. Using a mouse mapr sateiiite DNA p obe 
t in siru hybridization, strong hybridization was observed throughout ,h 
25 m achromosome,excep„oritstermina,regions.Thehybridi Z ationshowed 

: segmented pattern: four iarga blocks appeared on the short arm and 
Z 4 . 7 b,ocks were seen on the iong arm. By comparing thes 
segments with the pericentric regions o, norma, mouse chromosomes^ th 
carry approximate* -15 Mb o, major satdite, the size o the blocks 
30 major satellite on the megachromosome was estimated to be -30 Mb. 
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Using a mouse probe speeifie to euehromatin IpMCPEf .5, ; . mouse 
long interspersed repeated ONA probe,, pbsitive M^^J 
onlv on the terminal segments of tha m agachrannaso m a of tha HI 03 hybn 
La ,„ tha Q 3Do hybrids, hybridization with a hamster-spee.f.e probe 
, liaa that several megaehromosomes eontained 

tho lnna arm This observat.on indicated that tne 
hamster or qin on the long arm. "»= 

formed one. Whan a mouse minor satellite probe «»^^ 

0 to tha oentromeres of mousa chromosomes [Wong at a,. (1 988) NuoJ^ds 
r ,,64,.fe S11 . a strong hybridization signal was datactad on y a 
^ p Lyconstrictiono,themegaehromosome,whicheo,oca,,zedw,thth 

positL immunofluoreseenee aigna, produoad with human anti-centromere 

lB ^hybridization experiments w,th pH^. pCHIIO. 

prob as revealed tha, a„ heterologous DMA was iooatad in the gaps betw en 
probes rave Farh seament of mouse ma or satellite 

the mousa major satellrte aegments. Eaeh segment 

was bordered by a narrow band of integrated heterologous DNA, except 
Ts e nd aglnt of the long arm where a double band existed, ind.eatmg 
2 0 that I major satellite segment was missing or considerably reduoed ,n s,ze 
20 I This ohromosome region served as a useful cytologies, marker ,n 
identifying the long arm of the megaehromoaome. A, e fregueney of ,0-^ 
" ato ation- of these missing satellite DNA blocKs was observe ,n 
chromatid, when the formation of a whole segment on one ehromahd 

" ° CCUrr lr Hoeohst 33358 treatment ,50„g,m, for ,6 hours,, the 
me gaohromosome showed underoondensation throughout its length exoept 
I t terminal segments. This made i, possible to study the archie 
of the megaohromosome at higher resolution. „ situ hybrid,zat,on with the 
30 lose major satell.te probe on undereondensed megaehromosomes 
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demonstrated that the ~ 30 Mb major satellite secants ware co rded o 
f0 ur blocks of -7.5 Mb separated f rom each athar by a narrow band of no 
Hybridizing sequences .Figure 3,. Similar segmentation oan ba obsarvad n 
th e large block of pericentric heterochrony in metacentnc mouse 
5 ohromosomas from tha LMTK' and A9 oell linas. 

blocks 

Baoausa of tha asymmetry in thymidine oontan, between the .wo 
,0 strands of tha DNA of tha mousa major sata„ita. whan mousa calls ara 
Xn in tha prasanca o, BrdU for a single S phase, the 00— 
Lerochromatin shows latara, asymmatry aftar FPG sta.n.ng. A so, ,n b 
19 C5xHa4 hybrids, tha thymidine-kinase tba ,7*, defrcency of the m ^ 
{ib rob,as, oalls was oomplamantad by tha hamstar T* g ana. parm,tt,n g BrdU 
15 incorporation experiments. . 

A string struotura, reguiarity in tha ma fl aohromosoma was da a tad 
using tha FPG technique. In both chromatids, alternating dark and l,gh, 
ti ng *at produced a checkered appearance o, the megaobromosoma 
1 bserved A similar picture was obtained by labelling with fluoresce,. 

appearance of the megachromosome, showed tha, one dark and one „gbt 
PG and corresponded to one - 30 Mb segment o, the megachromosome^ 

ha „e an inverted orientation. This was verified by combining ,n s,tu 
25 Hybridization and immunolabelling of the incorporated BrdU with fluoresce,, 
conjugated anti-BrdU antibody on the same chromosome. S.nca the - 30 
Mb segments of the megachromosome are composed of four h oc. 
m cuse major satel.ite, it can be concluded that two tandem 
are followed by two inverted blocks within one segment. 
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Large-scale mapping o, megachromosome DMA by pu*ed-,eld 
electrophoresis and Southern KybrtdU-.cn with "foreign" DNA prob 
Lad a simple pattern o, restriction fragments. Using endonucleases w„h 

:;: or on, v . ^ ^ in *. ^ — 

5 lowed by hybridization with a * W proba, 1 -4 predominant 

eld Si ce the megachromosome contains 10-12 a mpl icons w„h an 
sZ tad 3-B copies o, ,y ff seguences par amplicon ,30-90 cop.es per 
Chromosome,, the small number of hybridizing fragments indicates the 
Homogeneity or DNA in the ampiified segments^ _ 
1n 3 Scanning electron microscopy of the m g 

confirmed the above findings 

..,„„,„ _« the heterochromatic arms of the 
The homogeneous architecture of tne new. 

* confirmed bv high resolution scanning electron 
mpaachromosome was contirmea oy i»yi 

rroloopy. tended arms o, megachromosome, and i the pericemn 
« heterochromatic region of mouse ohromosomas, treated wrth Hoechs 
33253 showed similar structure. The constitutive heterochromatic regions 
peare more compact than the euchromatic segments. Apart from he 
line, regions, both arms of the megachromosome were : — 
extended, and showed fain, grooves, which should correspond to the borde 
20 o the satellite DNA blocks in the non-amplified chromosomes and , th 
megachromosome. Without Hoechst treatment, the grooves seamed o 
I abend to the amplicon borders on the megachromosome arms. In 
addmon, centromeres showed a more compact, finely fibrous appearance 
than the surrounding heterochromatm. 
oc c Formation of the megachromosome 

Pigure 2 schematically sets forth the events leading to the formation 
of the s able megachromosome, ,A> A single E-type amplification in t e 

-j „.„„.«. the neo-centromere linked 
oentromeric region of chromosome 7 generates 

to the integrated foreign DNA, and forms a dicentric ehromosome. Multiple 
E vp e amplification forms the , neo-chromosome, which was der.ved from 
Imosome 7 and stabilized in a mouse-hamster hybrid cel, line; ,B> Specific 



30 

chromosome 7 and stabilized in a mo 
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breakage between the centromeres of a dieentric chromosome 7 generates 
alolsomefragmentwiththenso^^^ 

bearing the neo-eentremere results in the formabon of a stable neo 
5 I oh omosome, (D, integration of exogenous DMA into the foreign DNA 
Tegion o, the formerly dicentric chromosome 7 initiates H-type ampl icabon 
I the formation o, a heterochromatic arm. By capturing a euchromat 
ermine, segment, this new chromosome arm is stabiiized in the form of the 
"ausage" chromosome: <E, BrdU treatment and,or drug selection appears 
10 t induce further H-type amplication, which resuits in the formation o an 
unstabie gigachromosome: ,F, Repeated BrdU treatments a d drug 
selec ,ion induce further H-type amplification including a centromere 
iication, which ieads to the formation o, another heterochromia 
losome arm. it is split off from the chromosome 7 by chromosome 
15 breakage and acquires a terminal segment to form the stabie 
megachromosome. 

EXAMPLE 7 

Summary of some o, the ce,. lines with SATACS and minichromoaomes that 
have been constructed 

20 LMTK-derived cel, line, which is a mouse fibroblast cei, 

transfected with ,CM8 and .gtWESneo DNA .see, EXAMPLE 2, to produce 
fled ce„ lines. Among these cel, lines was EC3/7, deposited at he 

o ean Collection of Animal cel, Culture IECACC, 

ki k oqo R95- see also Hadlaczky et aL 
90051001 [see, U.S. Patent No. 5,288,62b, see, a 

25 ZT^^m^^^^- 8 " 0 and u s ' apP " oat ' on 

2 a, No^S^^niT^ne contains the dicentric chromosom 
Z the neo centromere. Becloning and selection produced cel, „nes such 
as EC3/7C5, which ara cell lines with the stable nao-minichromosome Isee, 

30 fusion of EC3/7 with CHO-K20 cells and selection with G4WHAT 
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ceposited with the ECACC under Accession No. 9S040924- KE1 - is a 
stable ce„ line that contains the A neo-chromosome [see. Fig . 2D. se . *o 
U s Patent No. 5.288,6251. produced by E type ampM.cat.ons. KE1 2 4 
3 M transfected with vectors contain,, lambda DNA, selectab, 
m arxers. such as puromycin res.stance. and g enes of interest, sue , a s P 5 
anti -H,V ribozymes. These vectors targe, the gene of .uteres, ,n,o the , neo 
cbromosome by virtue of homoiogous recombination w„h the heteroiogous 

DNA in the chromosome. u ,„ .„.,„ 

The EC3/7C5 cell line has been co-transfected w.th P H132, pCHI 10 
and „ DNA ,see, EXAMPLE 2, as we,, as other constructs. Various Cones 
nd subdones hove been seated. Por sample transformation w„ 
construct the, includes p53 encoding DNA, produced cells des.gneted 

C5pMCT53. cr , /7r c re |i s w jth plasmids 

As discussed ebove, cotransfeCon of EC3/7C5 w, P 

1P H 13 2, pCHIIO availeble from Phermacia, see, also Hall et aL (1983) i 
^^,0,-103, and with A DNA Uc, 875 Sam ^e« ^nd 
LeXro^ced transformed ce„s. Among these is TF1004G « - 
oonteins the DNA encoding the anti-H,V ribozyme ,n the neo 
m inichromosome. Recloning of TF1004G24 produced numerous 
, Among these the NHHL24 cel, line. This cel. line also - 

Hbozyme in the neo-minichromosome and expresses high levels of . * 
ha s been fused with CHO-K20 cells to produce 

Recloning end selection of the TF1004G trensforments produced the 

■ u ~ ir, pv AMPLE 4 which contains the 
cell line TF1004G-1 9, discussed above in EXAMPLE ' 
, unstable sausage chromosome. Single cel, cloning produced the TF1004G 
9C5 ,see Figure 4, cell line, which has a stable sausage chromosome. 
F1 004G-19C5 has been fused with CHO cells and the hybrids grow 
under selective conditions to produce the 1 9C5xHe4 cel, l,ne Isee. EXAMPLE 
4l end others. BrdU treatment of 19C5xHa4 ce,ls and growth unde 
s leCive conditions .neomycin (G) and,or hygromycin ,H„ ( e« produced 
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hyb rid cel, lines with the gigechromsome lS ee Figure 2E, and the G3D5 and 
G4 06 ceii ,ines and others. G3D5 has the neo-minichromosome and the 
megachromoso me, G4D6 has only the nec-minichromosome 

Recloning of G3D5 in GH medium produced numerous eiones. Among 
5 th ese is mD3 ,see Figure 4,, wh.eh has the stabie megachromosome. 
R epea ed BrDU treatment and redoning has produced the HB31 « * me 
IZ nas heen used for translations with the pTEMPUD. pTEMPU and 
pTEM PU3 vectors Csee. Example 12, belowK ^ 
H1D3 has been fused wrth a CD4 Hela 
0 encoding CD4 and neomycin resistance on a plasmid sea, ^ U.S . Pate 
Nos. 5.413.914. 5.409.810, 5.266.600, 5,223.263 5,215^4 and 
5 ,44,019. which describe these Hela cells,. SeieCon w„h GH h 
produced hybrids, inciuding HUHE41 <see Figure 4,. which carnes the 
m chromosome end aiso a singie human chromosome that includes he 
15 ZL construct. Repeated BrdU treatment and singie cel, cionmg ha 
Educed cell lines with the megachromosome ,cei, line 1 B3. see Frgure 4, 
Mines, such as 1B4 and others thet have a dwarf megachromosome 
, Z-200 Mb! end cel, iines . such as 1C3, which has m.cro- 

,60 90 Mbl About 25% of the 1B3 cells have a 
megachromosome [-60-9U mdj. 

20 truncated megachromosome 1-90-1 20 Mb]. 

EXAMPLE 8 

ttenlication of the megachromosome 

' Th is homogeneous architecture ., the megachromomes prov.des 
unip ue opportunity to perform a detailed analysis o, the replicat.on of 
25 constitutive heterochromatin. 
A. Materials and methods 

1 Culture of cell lines 

HI D3 mouse-hamster hybrid ceils carrying the megachromosome Isee, 
EXAMPLE 4, were cultured in M 2 medium containing 1 0% feta, ca, serum 
30 FCS, and 400 „g,m, Hygromycin B ,Calbiochem,. G3D5 hybnd cells Lsee. 
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■ * ■ a in F 12 medium containing 10% FCS, 400 
FxamDle 41 were maintained in F-12 meaium 

i+ j : n c i 9 medium supplemented with 1 0% FCb. 
fibroblast cells were cultured in F-1 2 medium 

2 BrdU labelling 

lntv p ic a l axperi m ents,20-24para, l e,sa m ,con.,uan«cencu,tureswe r e 
set up in 10 c m Petri dishes. Bromodeoxyuridine <BrdU, .Pluxa was 
LoL in distilled water a,Ka,i Z ed with a drop of NaOH. ,0 mate a ,0 M 

solution. Aiicuots of 1 0-50 „ o f this BrdU stocx solution were ad 

to each 10 m, culture, to give a ^^^^'11 
10 cells were cultured in the presence of BrdU for .5U m. , 

1 warm complete medium, and incubated without BrdU un,„ reguire .At 
this poin, 5 „g,m, 00,0,0,0 was addad to a samp, culture avar J o ■ 
Aft er 1 -2 h oolohioina treatment, mitotic oalls wara collected by shake 
and regular ohromosoma preparations were made for ,mmuno,abei„ng. 

16 3 , olabeWng o, chromosomes and „ s„u hyb„d,za,,o„ 

Immunoiabelling with fluorescein-coniugated anti-BrdU monooiona, 
antibody (Boehringer, was done according to the manufaoturer a 
: mmendations, except that for mouse A9 ohromosomes 

A at ^7° C for 25 min, while for chromosomes 
2 M hydrochloric acid was used at 37 CforZbm.n, 

20 f hyb id cells, 1 M hydroohiorio aoid was used a, 37- C for 30 m,n. ,„ ^ 
Lation with biotin-labelled probes, and indirect —^'TZZ 
a d in s> tU hybridization on the same preparation were per mad as 
described previousiy IHadlaczky etaL(19 91 > 9^^^^ 
88:8106-8110, see, also U.S. Patent No. 5,288,625], 

oc 4. Microscopy 

All observations and microphotography wara made by using a Vanox 
AHBS (Olympus, microscope. Fujicolor 400 Super G or Fujicolo, 1 600 Super 
HG high-speed colour negatives ware used for photographs. 
B. Results 



-69- 




6869-402A 



10 



The replication of the megachromosome was analyzed by EMU 
pu ,se labelling followed by immuno,abe„in a . The basic parameters or 
DNA labeUing *, v,Vo were first established. Usin g a 30 , mm pu.e o< 
SO pM BrdU in parallel cultures, samples were taken and frxed at - 
intervals from the beginning o, the puise. and every 15 min up ,0 1 
after the removal of BrdU. Incorporated BrdU was detected by 
immunolabelling with fluorescein-conjugated anti-BrdU monodona, 
antibody. A, the first time point (5 min, 38% o, the nude, were 
and a gradual increase in the number o, labelled nude, was observe 
curing ncubation in the presence o, BrdU, culminating in 46% ,n 

(60 75 and 90 min) no significant changes were observed, and the 
fraction of labelled nuclei remaining constant (44.5-46%] 

These results indicate that (i) the incorporate of the BrdU ,s 
rapid process, .«> the 30 min pulse-time is sufficient for reliable labelling 
oTs-phase nuclei, and ,iii, the BrdU can be effectively removed from the 



15 

cultures by washing. 



iS Dy wasnniy. 

The length of the cell cycle of the 1 9C5xHa4 hybrid cells was 
estimated by measuring the time between the appearance of the ear est 
20 BrdU signals on the extreme late replicating chromosome 

the appearance of the same pattern only on one of the chroma ,ds 
Chromosomes after one completed cel, cycie. The length of 32 penod 
was determined by the time o, the first detectable BrdU s.gna, on 
prophase chromosomes and by the labeUed mitoses method .Qastler « * 
26 H959) BB jaUta.JZ;«W38]. The length of the S-phase was 

1 min^Tways.. , on the basis of the length o, cell cycle and 
the fraction of nuclei labelled during the 30-120 m,n pulse; <u by 
measuring the time between the very end of the <^°» °< *° 
extreme late replicating chromosomes and the detecbon of the fin* srgnal 
30 on ha chromosomes at the beginning of S phase, liii. by the labelled 
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mit oses method, .n repeal experiments, the duration ..e .el, cycle 
was found to be 22-26 h. the S phase 10-14 h. and the G2 phase 3.5 



4.5 h 



Analyses o, the replication of the megachromosome were made in 

•. „„ at two hour intervals following 
5 parallel oultures by collecting m.tot.c cells at two n 

wo hours of colchicine treatment. ,n a repeat exponent, the « 
analysis was perforated using one hour sample intervals and one hour 
h cine tre lent. Although the two procedures gave comparable 
als the two hour sample intervals were viewed as more appropna* 
0 approximateiy 30% of the ceils were found to have a cons.derably 

shorter or longer cel, cycle than the average. The charactenst.c 
ap, cation pa terns o, the individual chromosomes, especially some of the 

aplicating hamster chromosomes, served as useful -rn«* 
for the different stages of S-phase. To minimize the error caused by * 
16 different lengths o, cell cycles in the different experiments, samples we e 
1 nd analyzed throughout the whole oel, cycle until the appearance 
of tbe first signals on one chromatid at the beginning of the second S- 

PHaSe The sequence of replicat.on in the megachromosome is as follows. 
20 At the very beginning o, the S-phase. the replication o, megachromosome 
^a s at the ends o, the chromosomes. The first initiation o, rep„cat,on 
an interstitial position can usually be detected at the centrums ,c 

Jminal region o, the short arm has aimos, completed its repl.catron 
25 discrete initiation signals appear along the chromosome arms In he 

second quarter o, the S-phase, as replication proceeds, the BrdU-labeiled 
Z0 nes gradually widen, and the --ered pattern of the 
megachromosome becomes clear [see, e^, F,g. 2F1. At 
pericentric regions of mouse ehromosomes also show intense 
30 incorporation o, BrdU. The replication o, the megachromosome peaxs 
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the end of *e second quarter and in the third guarter of the S-phase. A 
he end of the third quarter, and at the very beginning o, the iast quarte 
t S haae. the Igachromosome and the pericentric heterochrony 
he mouse —somes complete their repiication. B V the end o, S- 
5 phase oniy the very late repiicabng segments o, mouse and hamster 
chromosomes are still incorporating BrdU. 

The replication of the whole genome occurs in disbnct 
signal of incorporated BrdU increased continuously unti. the end of t e 
st half of the S-phase. hut a, the beginning of the third guarter of be 8- 
10 base cbromesome segments Cher than the 

ardly incorporated BrdU. .„ the last guarter of the S-phase, the BrdU 
signals increased again when the extreme late replicabng segments 
showed very intense incorporation. 

Similar analyses of the replication in mouse A9 cells were 
n6 performed as controls. To increase the resolution o, the ,mmuno,abe„,ng 
Pericentric regions of A9 chromosomes were decondensed by 
^ ment with Hoechs, 3325S. Because ef the intense —n o a 
surrounding euchromatic seguences. precise ,ooa„za„on of the - 
signal in the heteroohromatin was normally difficult, even on 
2 „ rcondensed mouse chromosomes. On those chrom osomes w e 

the initiation signal.s, were localized unambiguously, the ™P^*£ 
pericentric heteroohromatin o, A9 chromosomes wes s,m,la, to that o, 
'J I romosome. Chromosomes of A9 cells also exhibited repUcabon 
Zrns and seguences similar ,0 those of the mouse chromosomes ,n 
25 the hybrid cells. These results indicate that the replicators of the 
" ^chromosome and mouse chromosomes retained their original t,m,ng 

and specificity in the hybrid cells. 

Bv comparing the pattern of the initiation sites obta.ned after BrdU 
incorporation with the location of the integration sites of the fore.gn 
30 on a detailed analysis of the first guarter of the S-phase, an attempt 
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was made to identify origins of replication (initiation s.tes, - « 
th a amplicon st^ure o, the megachromosome. The double band of 
integrated DNA on the long arm o, the megachromosome served I s a 
analogical marxer. The results showed a colocalizahon of the BrdU and 
; Js Jhyhridization signals found at the cytologies, ,eve,, 

the "foreign'' DNA sequences are in oiosa proximity to the ong.ns of 
,ap,ica,ion. presumably integrated into the non-satellite seguences 
between the replioator and the satellite sequences (see. F.gure 3,. 
lentric region o, several other chromosomes, do,* BrdU signals can 
0 also be observed that are comparable to the initiat.cn s.gnals on the 

Lgachromosome. These signals may represent similar in,t,a„on s„es ,n 
the heterochromia regions of normal chromosomes. 

At a frequency of 1 0', "uncontrolled" amplification of the 
integrated DNA seguances was observed in the megachromosome 
, 5 Consistent with the assumption (above, that "foreign" sequences are 
the roximity to the rap.icators. this spatially restricted amp, ,cat,on ,s 
, ik aly to be a consequence of uncontrolled repeated firings of the 
re p,ication origin(s, without completing the replication of the whole 
segment. 

of the pericentric regions o, chromosomes is late replicating (see. ^. 

cciri; 17m On the contrary, these 
Miller (1976) Chj^mosoma 55:165-1 /Uj. un 

! enments evidence the, the replication of the heterochromia 
2B starts a, a discrete initiation site in the first hal, o, the S-phase and 
oontinues through approximately three-quarters o, S-phase. Th,s 
difference can be explained in the following ways: (il in normal 
chromosomes, actively replicating euchromatic sequences that surround 
th e satellite DNA obscure the initiation signals, and thus 
30 localization of initiation sites is obscured; HO replication of the 
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heterochromatin can only be detected unambiguously ,n a penod du ng 

r ep,ica,es and most other chromosome, regions nave already completed 
their replication, or have not yet started it. Thus, low resolut.on 
; y tologll techniques, such as analysis o, incorporation o, rad.oact, V 
Led precursors hy autoradiography, oniy detect prom.nen, rep„cat,on 
signais in the he.erochromatin in the second hai, of S-phase, when 
adjacent euchromatic segments are no longer replicatmg. 

,n the megachromosome. the primary initiation sites o, rep„cat,on 
0 coiocaiize with the sites where the "foreign" DNA sequences are 
integrated at the ampiicon borders. Similar initiation signais were 
oJrved at the same time in the pericentric heterochrony mouse 
chromosomes that do not have "foreign" DNA, indicating that the 
rep ,ica.ion initiation sites at the borders o, ampiicons may res.de ,n 
, 5 non-sateliite flanking sequences of the satellite DNA blocks. The 

es nee of a primary initiation site a, each satellite DNA double, ,mp ,es 
hat this large chromosome segment is a single huge un„ of rep,cat,on 
leglplicon, delimited by the primary initiation site and the term,na„on 
oin. at each end of the unit. Several lines o, evidence ind.cate the, 
20 Ihin this higher-order repiication unit, "secondary" origins and repl.cons 
contribute to the complete replication of the megareplioon: 

, The totai replication time of the heterochromia reg.ons of the 
me gach,omosome was -9-1 1 h. At the rate o. movement o, replication 
JL. 0.5-5 kh per minute, that is typical o, eukaryotic chromosomes 
25 IKornberg et al. (1992) DNA Replication. 2nd. ed... New York : W.H. 

25 'p::::: and co, „ — - . -» » — 

50-500 h. Alternatively, if only a single replication orig.n was used, the 
lege replication speed would have to be 25 kb per minute to comple e 
Ration within 1 0 h. By comparing the intensity of the BrdU s.gnals on 
30 the euchromatic and the heterochromatic chromosome segments, no 
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evidence for a 5- to 50-.o,d difference in their relation speed was 



found 

2 



2 Using short BrdU puise labelling, a single origin of replication 
w ou,d produce a replication hand that moves along the replicon reflecting 
5 th e movement of the replication fork. In contrast, a widening of*, 
eplication zone that finally gave rise to the checkered pattern of the 
: hromosome and within the replication period the most intensive 
Brd U incorporation occurred In the second hal, o, the S-phase was 
served. This suggests tha, once the megareplicator has een 
,0 activated, it permits the activation and firing of "secondary on*™, and 
tha , the replication of the hulk of the satellite DMA takes place , from 

•■secondary" origins during the second half of the S-phase. This ,s 
seconoay a , haf ,„ certain stages of the replication of 

supported by the observation that ,n certain a 

, h e megachromosome, the whole amplicon can apparently be labelled by 

" " ^—rs and secondary replication origins seem to be under 
stri ct temporal and spatia, control. The first initiation within t a 
m egachromosomes usually occurred at the centromere and * ° r ' 
af terward a„ the megareplicators become active. The last segment o, 
20 megachromosome to complete replication was usually the second 

Tegment o, tha long arm. Results o, control experiments with mouse A 9 
ch omosomes indicate that replication of the heterochrony of mouse 
chromosomes corresponds to the replication of the megachromosome 
I Zns. Therefore, the pre-existing tempera, control of replicahon ,n 
25 the heterochromia blocks is preserved in the megachromosome. 

Positive LHassan et ak H 994, A^lhSsL 107:425-434, and negative 
H e e a,. 099~4, Moh-CelklioL 14:25,6-2524, correlations betwee 
l^a, activity and initiation o, replication have been proposed, m 
the megachromosome, transcription of the integrated genes seems to 
30 have no effect on the original timing of the replication origins. 
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concerted, precise timing of the megareplicator initiations in the different 
IplLs suggests the presence o, specihc, c,s-ae„n 9 sciences. or, g ,ns 
of replication. 

Considering that pericentric heterochromatin of mouse 
chromosomes contains thousands of short, simple repeats sp ann.ng - 
1B Mb. and the centromere itself may aiso contain hundreds .lobases, 
th e existence o, a higher-order unit of repiication seems 
observed uncontrolled intrachromosomai amplificahon reacted to a 
ep ication initiation region o, the megachromosome is hi g h,y suggest, e 
of a rolling-circle type amplication, and provides additional ev.dence for 
the presence of a replication origin in this reg.on. 

The finding that a specific repiication .nhiation s,te occurs t the 
boundaries of ampiicons suggests tha, replication might play a role , the 
amplification process. These results suggest the, each ampl.con of the 
; m eg! romosome can be regarded as a huge megareplicon defined y a 
Z-Y -tlation site .megareplicator, oontain.ng "secondary ong.ns of 
ep,ication. Fusion o, replication bubbles from different ong.ns of b, 
di ectiona, replication ID ePamphi,is ,1903. 

within the megareplicon could form a giant '^^^ 
0 would correspond to the whole megareplicon. In the 

formation of megabase-size ampiicons can be accommodated by a 
replication-directed amplification mechanism. In both H and E-.ype 
amplifications, intrachromosomai multiplication o, the ampl.cons was 
lerved fsee. above EXAMPLES,, which is consistent with the uneg a 
25 ster chromatid exchange mode,. Induced or spontaneous unsc heduled 
plication of a megareplicon in the constitutive heterochrony may a so 
1 new amplicoms, ieading to the expansion o, the amplifi er to 
th e heterochromatic polymorphism of "norma," chromosomes. The 
•■restoration" of the missing segment on the long arm of the 
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meg achromosome may we,, be the result ef the replication of one 

amnlicon limited to one strand. 

' Taken together, without being hound hv any theory, a rep- 
roofed mechanism is a plausibie explanation for the ,nit,at,on of large- 
, ale amplifications in the centromeric regions o, mouse chromosome, s 
J e , as for the oe novo chromosome formats, I, specific ,amp « 
sequences play a role in promoting the amplification process, sequences 
a, the primary replication initiation site l megareplica.o,l of the 
megareplicon are possible candidates. 

Preiiminary sequence data indicates the presence of h, 9 h,y G + C 
Lents less than 10 kb from the integrated heterologous 
rioh sequence elements less sequence s may represent 

-foreign" DNA in the megachromosome. These sequen 
le ncn-satellite DNA flanking o, the A + T-rich satellite DNA blocks. 

EXAMPLE 9 

, B Generation of chromosomes with emptied regions derived from mouse 

"Tow that the events described in EXAMPLES 2-7 are not 
uni que to mouse chromosome 7 and to show that the EC7/3 cal, l,ne ,s 
o ; required for formation of these chromosomes, the 

J ce„ I should be amenabla to use or can readily be determ.ned to 

amenable or not. 
A. Materials 

Tne i_pi 1 cell line was produced by the "scrape-loadmg 

26 tr ansf action method [Fechheimer et aL (1 987) l«^^ 
U.S.A. 84:8463-8467, using 26 „ plasmid DNA fer 6x10 rec p. t 
^T LP 1 1 cells were maintained in M 2 medium conta.mng 3-! 5 „g/ml 

Puromycin [SIGMA]. 

B Amplification in LP 11 cells 

' The large-scale amplification described in the above Examples ,s 
not restricted to the transformed EC3/7 cel, line or to the chromosome 



30 

not restricted to the transformed E 
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f «, In an independent transformation experiment, using a 
of mouse. In an inaepe 

selectable puromycin construe. pPuroTel, an LMTK cel, 

Bobertsonian translocate . T h , H ^ ^ 

h eterocbromatin. Tba sue and " d * Qf these amplifl9d uni , s 

w ere heterogeneous. In sava a, ce, s he nu ^ 
exceeded 50; single-cell subclonas of LP 1 1 °* 
5 stable marker chromosomes with 10-16 segments and constan 



patterns. 

EXAMPLE 10 



Purification of artificial chromosomes 

,. cell Sorting based on base composition and s,ze 

20 CBS m C o— ter-buman bvbrid calls ,see. cigure 4, carrying tba 

::::::: :r :r 2 «. ce — - <-» -~ 

of both cell lines was about 24 hours. 
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B Chromosome Isolation 

To accumulate mitotic cells, 5 „g/ml colchicine was added tor 

. ,o the cultures Mitotic cells were then harvested by gentle 
hours to the cultures. The mitotic index obtained 

oipetting of the medium on the layer cells. The m,to 
w s 60-80%. The mitotic cells hy were collected by selective 
detachment. The cells were sedimented by cen,ri,u g at,on o, 200 g 

"'"""wo procedures were used to prepare metaphase chromosomes 
fro m these cells, one based on polyam.ne buffer system. ICram «jL 
990) »C«* 3*377-38* and the other on modd ed 

86:643-65]. 

1 Polyamine procedure 

. , tin 7 mitotic cells were incubated 
,n the polyamine procedure, about 1 0 mitotic 

rr /-;c ™m kpi 0 2 mM spermine, O.b mivi 
* in 10 ml hypotonic buffer (75 mM KCI, u.^ miv. h 

bu „er II B mM Tris-HCI. 20 mM N.CI, 80 mM KC1. 2 mM 0 ' 5 mM 

butter 1 1 o Hioitonin, 0.2 mM Spermine, 0.5 

!0 EGTA, H- .-mercaptoethanol, 0.1 /ode - 

mM spermidine,. ^^7"^" G Veed,e attached to 
the cell suspension up and expelling rt through <a 

a 3 ml plastic syringe. The chromosome concentrate was about 

3x1 0 8 chromosomes/ml. 

~* 2 . Hexylene glycol buffer system 

j u nllt ay in 6 mitotic cells were 
In the second procedure, about 8 xiu m.i 

.suspended In ,0 m, glycine-hexylene glycol buffer 1,00, mM = 
,0/0 hexylene glycol, pH 8.4-8.6 adiusted with saturated C -hydrox.de 

solutionl and incubated for 10 minutes at 37»C, followed by 
solution! a The supernatant was 

30 centrif ugation for 1 0 minutes iu H 
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• f P H anain at 200 g for 20 minutes to pellet the chromosomes, 
centrifuged again at ^ y 

Chromosomes were .suspended in 1 m, isolahon buffer/1-3x 10 

chromosomes. 

C Staining of chromosomes with DNA specific dyes 

Subseguent to isolation, the chromosome preparation was sta.ned 
with Hoechst 33268 a, 6 „g/m, and chromocvcin A3 at 200 
Fifte en minutes prior to ana.ysis, 26 mM Na-su,ph,te and 
. citrate were added to the chromosome suspense, 
n Flow sorting of chromosomes 

Chromosomes in suspension were passed through a dual-laser cel, 
sorter .FACStar Plus and FAXStar Vantage Becton <***™ 
, mm unocy,ometry System, in which two lasers were set to 
dv es separately. al.owing a hiyariate ana.ysis of the chromosome ^ ■ ■» 
and base-pair composition. Because of the difference betw en the base 
S com ositi n of the M ACs and the other chromosomes and the 

Z Ice in interaction with the dyes, as we,, as size differences, the 
artificial chromosomes were separated from the other chromosomes, 
c Storage of the Sorted Artificial Chromosomes 
The sorted chromosomes are stored in GH buffer ,,00 mM glyene, 
k,c„I oH 8 4-8 6 adjusted with saturated Ca-hydrox.de 
.0 1%hexylene glycol pH 8.4 o.o a j = R . R4 3.659l for 

., „ Hadlaczkv et a,. (1982) gnromosoma 86.643 6bai tor 
solution Isee, e^, Hadlaczxy si a_ 0 „ rt . H 
one day and embedded by centrifugation into agarose. The sorted 

omosomes were centrifuged into an agarose bed and the plugs are 
Ted in 600 mM EDTA at 4- C. They are stored for microin.echon ,n 

25 30% glycerol at -20° C. 

F. Quality Control 

1 Analysis of the purity 

The purity of the sorted chromosomes was checked by 
flJO rescence *, s»u hybridization ,F,SH, wifh biotin labeled mouse sateli.te 
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* i MQQ-n Proc NatLAcad ScL U.S.A. 

DNA probe Isee. Hadlaczky St aL (199D » ^T^~ 

88-8106-81 10. Purity of the sorted chromosomes was 97-99 /„. 
_ ' 2 Characteristics of the sorted chromosomes 

Pulsed fieid gel electrophoresis and Southern hybridization were 
B carried out to determine the size distribution of the DNA content o, the 

sorted artificial chromosomes. 

c Functioning of the artificial chromosomes 

To check whether their activity is preserved, the artificia, 

chromosomes are microiniected into primary ceils, somatic ce„s and stem 

10 f" Sorting of mammalian artificial chromosome containing microcel.s 
A Micronucleation 

Cells were growns to 80-90% confluency in 4 T1B0 flask, 
Colcemid was added to a final concentration of 0.06 «W. and than 
1 S incubated with the cells at 37° C for 24 hours. 
B Enucleation 

Ten ,g/m, cytochalasin B was added and the resulting m.crocells 
were centrifuged the at 15,000 rpm for 70 minutes a, 28-33 C. 
C Purification of microcells by filtration 
20 The microcells were purified using Swinnex filter units and 

Nucleopore filters l5//m and 3 umh 

D staining and sorting microcells 

As above, the cells were stained Hoechs, and chromomycm A3 
dyes The microcells were sorted by cel, sorter to isolate the m.crooells 
25 that contain the mammalian artificial chromosome. 
E Fusion 

The microcells that contain the artificia, chromosome are fused to 
selected primary cells, somatic cells, embryonic stem cells to genera, 
tra nsgenic animals for gene therapy purposes, and other cells to 
30 the chromosomes to the cells. 
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EXAMPLE 1 1 

lntr „ du cf,on o. median artificia, chromosomes into insect ce,ls 
,„sect cells shauld ba usafu, hasts for MACs. parbcularly far 
production of nana products far a nu m bar of reasons, includ.ng: 

1 A mammalian artificial chromosome prevides extra genomic 
speciheintegration site for introduction of genes encoding proteins of 
interest Ireduced chance of mutation in production system]. 

2 The iarge size o, artifioia, chromosome permits megabase s,ze 
DNA integration so that genes encoding an entire pathway leadin, , t o a 

n0 protein or nonprotein o, therapeutic vaiue. such as an al.alo.d fd.g.tahs, 

morphine, taxol]. 

3 Amplification of genes encoding useful prote.ns can be 

acc „mpiished in the artificial mammalian chromosome to obta.n higher 

nrotein vields in insect cells. 
16 " 4 insect cells support reguired post translations, mod,f,ca„ons 
(g ,ycosylation. phosphorylation, essentia, for protein biological function. 

5 insect cells do not support mammalian v.ruses - el.mmates 
cross-contamination of product with human infectious agents. 

6 The ability to introduce chromosomes, circumvents 

20 traditional recombinant baculovirus systems for production of nutritional, 
industrial or medicinal proteins in insect cell systems. 

7 The low temperature optimum for insect cell growth (28 C) 
oermits reduced energy cost of production. 

8. Serum free growth medium for insect cells will result ,n 

25 lower production costs. 

9. Artificial chromosome containing cells can be stored 

indefinitely at low temperature. 

! o insect larvae will serve as biological factories for the 
production of nutritional, medicina. or industrial proteins by microiniect.on 
30 of fertilized insect eggs. 
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A Demonstration tha, insec, cells recognize mamma,.an promoters 

Gene constructs containing a mammalian promoter, such as CMV 
lin ked to DNA encoding a detectable marker gene fusions »M 

, , n U S Patent No. 5,292,658 for a description of 
luciferase gene (see, e^cu, U.S. Patent 
5 DNA encoding the HnK. lucferase, and plasmid pWuct , which an 
provide the starting materia, for construction o, such vectors, see 
No ,0, and a,so including the simian virus 40 ,SV40, promoter op rably 
nk ed to the heta gaiactosidase gene, was introduced into *. ce o, 
two species Tresis n, Cabbage looper, and Booty* roon 

10 ^ After transferring the constructs into tha insect cel, iines either by 
eiactroporation or by micromotion, expression o, the marker genes was 

tested after a 24 h incubation, in each case a positive result was 
obtained in the sampies containing the genes which was absen tin 
15 sampies in which the genes were omitted. in addition, a *-act,n 

promoter - ReniHs luciferase fusion was introduced into the T. n and B. 

■ ,i„h, emission Thus, mammalian promoters function to 

mori cells yielding light emission, in MACs are 

direct expression of these marker genes in insects. Therefor . 
candidates for expression of heterologous genes in insect cells. 
20 B Construction of vectors for use In insect cells and fus,on w,th 
mammalian cells 

! Transform LMTK" cells with expression vector w.th: 

a . B. mori 0-actin promoter- Hyg' selectable marker 

qene for insect cells, and. 
25 b . SV40 or CMV promoters controlling a puromyc.n 

selectable marker gene for mammalian cells. 

2 . Detect expression of the mammalian promoter ,n LMTk 
(puromycin r LMTk cells) 

3. use pur^ cells in fusion experiments with Bombyx and 

30 Trichoplusia cells, select Hyg r cells. 
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C Insertion of the MACS into insect cells 

' These experiments are designed to detect expression o. a 
—hie marRer gene ,such as .gal ^ ^ 
mammalian promoter, such as P SV40 ] located 

that fi-gal was expressed. 

Lec, ceils of each species are fused with mammalian cells 
containing either the mini chromosome ,5=3,7=5, or the mm, and e^ 
Zachromosome ,such as GHB-42. which is a eel, line reclcned f m 
G3D5 , or a cell lino that carries only the megachromosome .such as 
H,D3 or a raclona therefrom]. Fusion is carried ou, as follows; 

, . mammalian + insect cells ,50/50%) in log phase growth are 



10 

1. 

mixed; 

2. calcium / PEG cell fusion: (10 min - 0.5 h); 

3. heterokaryons ( + 72 h) are selected. 

15 



The following selection conditions to select for insect cells that 

j. f , = positive selection; - = negat.ve 
contain a MAC can be used. [+ P osl 

selection]: ^u c \. 
! growth at 28° C ( + insect cells. - mammalian cells). 
2 Graces insect cell medium [SIGMA] (- mammalian cells); 
)0 3 no exogenous C02 (- mammalian cells); and/or 

4 antibiotic selection ,H V g or G418, « + transformed insect cells,. 
, mm ediate,y following the fusion protocol, many heteroRaryons 
[fusi o lents, are observed hetween the mammalian and each spec.es of 
ect cells ,up to 80% heteroRaryons,. After growth ,2. wee e n 

■ ■ „rAis and/or hvqromycin at selection levels 
insect medium containing G41 8 ana/or nyyi y 

Id or selection of transformed mammalian cells, individual colonies are 
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antibiotic resistance conferred by the MAC ana section for insect cells. 

these colonies should contain MACs. 

EXAMPLE 12 

„.„„.....,,,. .»™.™. «ssr — "~ 

♦ ■ ahnnt 1 5 Mb to 50 Mb that will 
smailer stable chromosomes that conta.n about Mb 
be easily manipulated for use as vectors. Vectors to effect such 
: g menta«on shouid aiso aid in determination and « the 
,0 eiements reared for preparation of an to ^-P—ed art,„c,a, 

"ell;-, on in the size o, the me g achromosome can bo achieved in a 
number of different ways inoiuding: stress treatment, such as by 
starvation, or ooid or heat treatment, treatment with agents that 
15 d estabi,ize the 9 enome or nicK DMA, such as BrdU. coumarin^EMS^and 
others- treatment with ionizing radiation [see, ^ Brown (1992) Cun, 

^a^see, ^ Far et aL ,1 996, IMBO, ^44^*1. 
gene products 

1 Construction of pTEWIPUD 

Piasmid pTEMPUD [see. Figure 51 is a mouse homologous 
.combination W vector for to vjy, chromosome f^™^, 

,5 aiso for inducing large-scale amplification via site specf.c 
26 also for in 9 ^ ^ demed from 

With reference to F.gure 5, the Nucleic^cids 

D Babe-puro retroviral vector [see, Morgenstern el ak (199W — 

Be 8 3587-3596,. This fragment contains DNA encoding amp,c„ n 
^stTnce. the pUC or.g.n of replication, and the puromyoin 
30 transferase gene under control of the SV40 early 

portion comes from the pYAC5 cloning vector [SIGMA]. 



A 

20 
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out of PYAC5 with Sa„-Xho, digestion, cloned into pNEB1 93 'New 

OUt Ot PYALO W. the 

England Biolabs], which was then cut w.th EcoRI-Sall 9 
Sail site of pBabepuro to produce pPU. 

Sail site op encoding the mouse major 

A 1 293 bp fragment [see SEQ ID No. i J encu y 
5 satellite was isolated as an EcoR, fragment from a DNA library produced 
^m mouse UMTK- bbroblas, cells and inserted into the EcoR, s„e of pPU 

" remoter driven diphthena toxin gene ( DT-A, was derived 
from pM f DT A -see. Maxwel, el aL ( 1 9 8 6 > Csn^ ^^^0-4666, 
,0 B gl"-Xhol digestion and Coned into the pMCtneo poiv A express.on 
vector [STRATAGENE, La Joiia, CAI by replacing the neo cod.ng 
guence. The TK promoter, DT-A gene and poly A segoence were 
led from this vector, cohesive ends were fiiled 
resulting fragment blunt end-ligated and ligated ,n,o the SnaB1 [TACGTA] 

15 ° f pM r H ur u 2 c : zzi - S e Q , d ».» was ^ - - « 

s „e fsee le 61 00 Est, - 3 62 B Ps„ fragment on pTEMPUO, of pMPUD to 
nroduce pTEMPUD. This fragment includes a human telomere. 

uls I* Bg„, site fsee nucleotides 104*,0« of » » N. 
20 which will he used as a site for introduction of a synthetrc ~ tha 
wil, include mu„iple repeats [80] o. GGGATT with BamHI and Bg 
fo r insertion into the Bglll site which will then remain un.gue s, nee 
BamH, overhang is compatible witb the B a „, site. ^bon o B H 

. ho Rn ..i go that only a single Bglll site 
fraament to a Bglll destroys the Bglll site, so ma 
2B 1 lain. SeleCon for the umgue Bgll, site insures that the synthe 
t e,omere wil, be inserted in the correct orientation. Tbe umgue Bgll, s,te 
is the site at which the vector is linearized. 
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2 Use of pTEMPUD for in yjyo chromosome fragmentation 

Uneaten of pTEMPUD hy results in a linear mo.ecu.e w.tH 

at nne end integration of this linear fragment into the 
. hum an teiomere. o en, . ^ ^ ^ ^ ^ ^ 

. : :r : — ^ « - maior — 

Ice. resuits integration o, the — • ^"^i 
cleavage of the plasmid by virtue ef the telomenc end. The DT gene 
plen, that entire linear fragment from integral by random events 
prevents tna random integration 

since upon integration and expression ,t is toxi. T 
,0 win be toxic. Thus, site directed integration into the targeted D 
seiected Such integration w,„ produce fragmented chromosomes. 

The fragmented truncated chromosome with the new telomere w„i 
survi „e, and the other fragment without the centromere w I be lost. 
Repeated fragmentations wii, ultimate* resuit in seieotion o, the 

« — 9 ^ZvZ^ minichromosomes from 

Thus this vector can be used to prouu 

mouse chromosomes, or to fragment the megachromosome. 

3 pTEMPhu and p TEMPhu3 

Vectors that specifically target human chromosomes can be 

20 constructed from pTEMPUD. These vectors can be used to fragment 

pacific human chromosomes, depending upon the seiecte — 

seguence, to produce human miniohromosomes, and aiso to ,so,ate 

human centromeres. 

a. pTEMPhu 

To render pTEMPUD suitable for fragmenting human chromosomes, 

th. mouse major satel.ite sequence is rep.aced with human sate.l.te 

the mouse rr j each human chromosome has a 

sequences. Unlike mouse chromosomes, each 

Pnr PxamDle the mouse major satellite has 
unique satellite sequence. For example, in 

een repiace with a human hexameric o-satellite <or ^ — ™* 
» This seouence is an 813 bp fragment [nucleotide 232 1044 
30 sequence. This sequence ■=> 
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ci 9 Hpnosited in the EMBL database under 
SEQ ID No. 2] from clone pS1 2, deposited in 

k X60716 isolated from a human colon carcnoma cell 

L d amplification using synthetic primers, which each contam an EcoB, 

site, as follows: , 
GGGGAATTCAT TGGGATGTTT CAGTTGA 

CGAAAGTCCCC CCTAGGAGAT CTTAAGGA reverse pr.mer ISEQ ID No. 1 

Digestion of the amplified product with EcoB, results ,n a fragment 
, with EcoBI ends tha, includes the human o-satellite sequence. Th,s 
rZanca is inserted into pTEMPUO in place of the EcoB, fragment that 
contains the mouse major satellite. 

b. pTEMPhu3 

,„ pTEMPhuS, the mouse major satellite sequence is replaced by 
5 , h a 3kb human chromosome 3-specific o-satellite from D3Z1 Ideposde 
ander ATCC Accession No. 85434; see. also Yro.ov (,989, Cy*^ 

Cell Genet. 51:1114]. 

~i„ of the PTEMPHU3 ,o induce amplification on human 

chromosome #3 

Each human chromosome contains unique chromosome-specrhc 
" a ,phoid sequence. Thus, usa of PTEMPHU3, which is targeted to a 
romosome 3-speci,ic o-satellite can he introduced into human ce , a 
under selective conditions, whereby large scale amplihcabon o, the 
chromosome 3 centromeric region and production of a de novo 
25 romosome. Such induced large-scale amplification provides a means 
inducing ,a novo chromosome formation and also for to clon.ng 
of dafinad human chromosome fragments up to magabase s,za 

Per exampla, the break-point in human chromosome #3 a on 
short arm near the centromere, this region is involved in 
30 carcinoma formation. By targeting P TEMPhu3 to th,s reg.on, the mduced 
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15 



,arge-sca,e salification m ay contain this region, whioh can then b 
eld using the bacteria, and yeast makers in the P TEMPhu3 vector. 

The pTEMPhuS Coning vector allows not only selects for 
homologous recomhinants, hut a,so direct Coning of the integration sde ,n 
YA CS This vector can also he used to targe, human chromosome #3. 
retrahlV with a deleted short arm. in a mouse-human monochromosoma, 
microcel, hybrid line. HomCogous recombinants can be screened by 
nU c,eic acid amplification <PCP, and amplification can be — 
DNA hybridization. Southern hybridization, and In s„u 
lp,„ied region can be cloned into VAC. This vector and these methods 
a ,so permit a functional analysis of cloned chromosome regions by 
reintroducing the cloned amplified region into mammalian cells. 

B Prepa ation of abrades In VAC vectors 

B - and identification of functional chromosomal un,«s 

Another method that may be used to obtain smal,er-s,zed funct.ona, 
ma mmalian artificial chromosome units and to clone centromenc DMA 
L,ves screening of mammalian DNA VAC vector-based libranes and 
fun ctiona, analysis of potential positive Cones in a transgenic m ouse 
mod a, system. A mammaliam DNA library is prepared 
, such as YRT2 .see Sched, * (1 993) Nyc^ Acjds BeSi 21 ' 
whte h contains the munne tyrosinase gene. The library is screened « 
hyb ridization to mammalian telomere and centromere 
Positive clones are isolated and microinjected into pronucle, of fer*ed 
Icytes of NMRI/Han mice foilowing standard technics. The embryos 
S are then transferred into NMRI/Han foster mothers. Express.on o, the 
;„lase gene in transgenic offspring confers an identifiable phenotype 
(pigmentation,. The Cones that give rise to tyrosinase-express.ng 
ITgenic mice are thus confirmed as containing functiona, mammal.an 
artificial chromosome units. h 

Alternatively, fragments o, SATACs may be rntroduced ,n,o the 
YAC vectors and then introduced into pronuCei of fertilized oocytes of 



30 

YAC vectors and then introduced i 
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NMRl/Han mice flowing standard technigues as abova. The clones the, 
Z sa to tyrosinase-expressing transgenic mice ara thus confirmed a 
g,ve rise to ty cnrom0 some units, particularly 

containing functional mammalian artificial chroma 



centromeres. 
C. 



: n r: P o rati ono~ 

Chromosomes through i ne uot u 

As Ascribed above, the usa of mammalian artificia, chromosomes 
for expression of heteroiogous genes obviates certain 

10 the recipien ::rr;;t t:zi:l^ *. negat iV e e^s 0 , 

; rdire : n is I presence as an extra-genomic gene source in 

i. — - — r - — - 

of heteroiogous genes exclusively into the mammaiian artificial 
of heterolog g integration into tha genome of 

15 chromosome, without extraneous re 

recipient oelis, are desired for heteroiogous gene expression from 

mammalian artificial chromosome. h „,«, ro | 0 aous 
One means of achieving site-specific integration of heteroiogous 

9 enes into artificial chromosomes is through the use of homology 
genes im.u interest in subc oned into a 

20 targeting vectors. The heterologous gene of interest ,n 

targeting vector which contains nucleic acid sequences that are 
Zo ogous to nucleotides present in the artificia, chromosome. The 
To is then introduced into ceils containing tha artificia, chromosome 

26 ecombination even, at sites c, homoiogy between the vector and the 
chromosome. The homology targeting vectors may a,so contain 
lb,e marxers for ease o, identifying ce„s tha, have incorporated 
e Ir into the artificia, chromosome as we,, as ,e,ha, se,ect,on genes tha, 
are expressed only upon extraneous integration of vector ,nto 
30 recipient ce„ genome. Two exemp,ary homCogy targeting vectors, 
and p/lCF-7-DTA, are described below. 
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1 Construction of Vector /1CF-7 

Vector ACt-7 contains the cystic fibrosis transmembrane 
conduc ,ance regu.ator [CFTR] gene as an exempiarv therapeutic mo ecu e- 
encoding nucieic acid that mav he incorporated into mamma, a ***** 
chromosomes for use in gene therapy appiications. Th,s vector wh.ch 
1 contains the puromycin-res.stance gene as a se,ec,ab,e marker, as 
2 as the S^—^ <*~ 10 rotidine- 5 -phosphate 

decarboxylase!, was constructed in a series o, steps as foiiows. 
a Construction of pURA 
Piasmid' pURA was prepared by iigating a 2.6-kb S«, '-gment 
fr om the yeast artificia, chromosome vector p Y AC5 ISigma; see .so 
Burke e, sLO 987, S^m 236:806-8! 2 for a descnpbon of Y AC 
vectors we,, as GenBank Accession no. U 01 086 for the com ,ete 
seguence o, pVAC5, containing the S. ^ ,ne-.3.3 

~ 1 1 «i Patent Nos. 4, // ' D ^' 
c sall/Smal fragment of pHyg [see, e^, U.S. Patent. 

f t7 8 6 a d 6.162.215.. and the description above,. 

th! Xho, end was treated with K,enow pCymerase for b,un, end „gat,on 

o thfsma end of the 3.3 kb fragment of pHyyg. Thus, pURA conta.ns 

e s «« -ne, and the E. ggU C-E1 origin o, rep,icat,on and 

■ . npnP The uraE gene is included to prov.de a 

?0 the ampicillin-res.stance gene. The urat g 

" mean s to recover the integrated construct from a mammal.an cel. as 
YAC clone. 

b Construction of pUP2 

piasmid pURA was digested with Sal) and .".gated to a 1 .5-Rb 

t nf nCEPUR Piasmid pCEPUR is produced by Iigating the 1 .1 
25 Sail fragment of pCEPUR. Piasm.a P 

. , + ~f nRahP-nuro [Morgenstern et aL (1 9yu) I^l 

kh SnaBI-Nha fragment of pBabe pure- uv.u a 

A c,?Res^:3687-3636, provided by Dr. L. Sz.keiy (Microb io,ogy and 
^oTogy Center. Karoiinska ,nsti,u,et. Stockholm, see a so 
Tongbua et ^ 0996, Chm^d^L (Beijing, Eng.. Ed., 138.663 6 69 
30 Cou o et (1 994, !r^» ^375-2378., D unck,ey ^0992, 
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+ „i / 1 qqp;) Anal. Riochem. 228:354- 
PFRqiPtt 296-128-34; French etaL (l 99t> » 

N „I: WO~ 95 20044; WO 9500,78. and WO 9419456, ,0 the ***** 
fra9m ent of pCEP4 Unvifrogen^ ^ ^ 

The resulting plasm.d, P UP2, contains tne 
p ,us the puromycin-res.stance gene lin.ed ,o the SV40 promoter and 

polyadenylation signal from pCEPUR. 

c Construction of pUP-CFTR 

Tha intermediate plasmid pUP-CFTR was generated in ordar 
„ to combine tha agents of P UP2 I™ a plasmid along with tha 

Firs, a 4 5-kb Sali fragment of pCMV-CFTR that contams tha 
gene. First, a ».o ko o_ » qnience 245:1066- 

CFTR-anooding DNA [see, a,so. Riordan et *JL (1989) S^ose 

,. su* ~ n a n d - — 

o d er to insert the CFTR gene in the multrple cloning ^ ^ 
Barr „iru,based ( FBV, vector p«P4 Unvitrogen San 

010.010 qee a so U.o. raieni inu. 

Yates et al (1985) Nature 313:81 2-81 b, see, d. ... 

—n the CM V promoter ad SV40 

~U hV - CMV promoter and SV40 ^ ~ 

, iga ted to Ml-digeated pUP2 to generate pUP-CFTR. Thus, p 
contains a., elements of pUP2 plus tha CFTR gene l,n k ed to the CMV 
26 promoter and SV40 polyadenylation signal. 

d Construction of ^CF-7 

piasmid pUP-CFTR was then linearized by partial digestion 
w „ h and the 13 Kb fragment containing tha 

30 196:161; Williams and Blattner (1 979) i ViroL 
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^ w i ~,„ 1 Action 2.18, for descriptions 

Spring Harbor Laboratory Press. Volume 1 . Section 2 
of Charon 4W1. The resulting vector. ACF8, contains the Charon 4M 
Ic^hage left arm. the CHH .ne linked to the 
SV40 polyadenylation signa,, the ^ gene, the 
gene linked to the SV40 promoter and polyadenylation signal, t e 
h ymidine Kinase promoter [TK1, the CCE1 origin o, replicator he 
alplicillan resistance gene and the Charon 4A, baoter, ophage t a m. 
The , CPS construe, was then digested with Xfcpi and the resu .mg 27, 
r ,„H to the 0 4kb Xhol/EcoRI fragment of P JBP86 idesenbed 
, kb was iigated to the <M*b ^.digested Charon 

belowl. containing the SV40 polyA s,g ^ ^ ^ 

4A X right arm. The resulting vector ^CF-7 contains 
arm the CFTR encoding DNA linked to the CMV promoter and SV40 
po ; A si gnai. the ^ gene, the puromycin resistance gene linked t tbe 
5 SV40 promoter and polyA signa, adn the Charon 4A A right arm. The 
ONA frauments provide seguences homologous to nucleotides present ,n 
the exemplary artificial chromosomes. 

The vector is then introduced into cells containing the art, icia, 
chro mosomes exemplified herein. Accordingly, when the «™*™ 
20 vector is introduced into megachromosome-carrymg fusion oel, lines, 
as described herein, it will be specifically integrated into the 
me ga htomosome through recombination between the homologous 
prophage , seguences of the vector and the artificia, chromosome. 
2 Construction of Vector -ICF-7-DTA 

Vector .CF-7-DTA also contains all the dements contained ,n *CF- 
" 7 but add tionally contains a letha, section marker, the diptheria toxin-A 
DT .A, gene as we,, as the ampicillin-resistance gene and an origin 
aplication. This vector was constructed in a series of steps as follows. 



-93- 




6869-402A 



a Construction of pJBP86 

Plasmid pJBP86 was used in the construction of Kf-1. above. A 
1 5-kb SaU fragment o, pCEPUR containing the puromycin-resistanca gene 
,inked t^he SV40 promoter and poiyadenylation signal was ..gated to 

1 t h oJBS isee ecu. tah-Horowitt BtaU H981) fhteifi* 
5 Hindlll-digested pJB8 Isee, e^. '» ,-,n7i- 
Zs 9-2989-2998; available from ATCC as Accession No. 37074. 

available from Amersham. Arlington Height, IU ^or o 
ation the SM, ends of the f .8 kb fragment of pCEPUR * 
linearized pJB8 ends were treated with Klenow polymerase be ore 
,0 ligation. The resulting vector pdBP86 contains the pummy es.stance 
cene linked to the SV40 promoter and polyA signal, the 1 .8 kb COS 
:e7on o, Charon 4*, the ColEI origin o, replication and the amp,o„l,n 

resistance gene. 

b Construction of pMEP-DTA 

A 1 1-kb XtaHM' '-9h.en, of pMCI-DT-A Isee, ^ Maxwell * 
a, (1 986, 0^^46:4660-4666, containing the diptheriatox^A 

Z L was ligated ,0 Xhgld.gested p M EP4 Hnvitrogen. San D,ego, CA1 t. 
generate pMEP-DTA. To produce 

OTA gene was isolated as a 800 bp EtflUndlll fragment from P 2249-1 
20 and inserted into pMdnaopolyA tpMCI available from Stratagene, n 
p,ace o, the neo gene and under the control o, the TK promotes, T 
llting construe, pMCOT-A was d.gested with 
by Klenow and W linkers were ligated to produce a 1061 bp TK-DTA 
g ene cassette with an Xh*. end IB'] and a & and containing the 2 0 P 
2B TK promoter and the -790 bp DT-A fragment. This fragment was l.gated 

into Xhol-digested pMEP4 . 

Plasmid pMEP-DTA thus contains the DT-A gene linked to the 
promoter and SV40, Co,E1 origin of replication and the ampicilhn- 
resistance gene. 
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c Construction of pJB83-DTA9 

piasmid pJB8 was digested with Hind"! and Clal and ligated 
with an oligonucleotide ,see SEO ID NOs. 7 and 8 for tha sense and 
antisense strands of tha ol.gonucleobde. respectively, to genera e pdB83. 
5 Tha oligonucieotide that was i.gated to f^tWh-d.gastad pJB8 
contained tha recognition sites of S^l. EKl and Stf restr,ct,on 
endonucieaaes. These sites wiii permit ready Unear.zat.on of the p.CF 

DTA construct. . . 

Next, a 1.4- k b Xbgl^l foment of pMEP-DTA. contammg the 
10 DT-A gene was .gated to SMI-digested pJB83 to generate pJB83- D TA9. 
d Construction of vlCF-7-DTA 
The 12-bp overhangs of ,CF-7 were removed by Mung bean 
nuclease and subsequent T4 poiymerase treatments. The resumng 

linear ,CF-7 vector was then iigated to P FB83-DTA9 which had been 
„ digested with CJal and treated with T4 polymerase. The — gvecto , 
, CF . 7 . DT A. contains ail the elements of .CF-7 as well aa the DT-A gene 
„„ k ed to the TK promoter and the SV40 polyadenylation signal the 
,8 k B Charon 4A A COS region, the ampicllin resistance , gene.f rem 
PJB83-DTA9] and the Col E1 origin of replicat.on (from P JB83-DT9A,. 

20 3. pMCT-RUC. 

Plaamid P MCT-RUC I14kbpl waa constructed for site-specie 
targeting ef the Renilla luciferase [see, ^ U.S. Patent Mas. 5,292.668 
1 5 418.166 for a description of DMA encoding ton*, lucferase. and 
plasmid pTZrLuc-1 . wbich can provide the starting matenal for 
26 construction o, such vectors, gene ,0 a mammalian chromosome. The 
eleven, features o, this plasmid are the Renilla luciferase gene un 
transitional control of the human cytomegalovirus ,mmed,a,e-ear,y 
an! ennancer/promoter. the hygromycin gene under tbe transcnpbonal 
control of the thymidine kinase promoter; and a unigue Hpal s,te ,s for 
30 linearizing the plasmid. 
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This construe, was introduced into C5 cells (see. Lorenz * 

, 1 1 31-371 C5 mouse fibroblasts were 

„ 996) iKolymChemJunv 11.3 371 23;175 . 1831 . Cells 

maintained as a monolayer (see, Gluzman (1 981 ) Cell 23 

: 50 % confluency in 100 mm Petri d.sbea ware used tor caicum 

S phosphate transfection (see. Harper « .1 981) Ch^m, 83-431 
5 pnospna Colonies originating 

4391 using 10 M, of linearized pMCT-RUC per pla 

ft „m single transfected cells ware isolated and maintained in M2 m u 
containing hygromycin ,300 ,g/mU and 1 0% fata, bovine serum. 
W ere grown in 100 mm Petri dishes prior to the ReniDa luc.erase ^ 
l0 The Reni.la luciferase assay was performed (see. ^U, M tthews 

e ,a, ,1977, B^mi^ It^ll. Hygromycin-resistant ce„ „nes 
fbted after transfection of mouse fibrob.asts with linearized p,asm,d 
pMCT PUC ,-B- cei, lines, ware grown to 100% confluency for measure- 
Its f ligbt emission to and to * Light emission was measured 
15 2 vivo after about 30 generations as follows: growth medium wa 
"ern^ed and replaced by 1 mL RPMI 1 640 containing coelenterazine 

. i I iriht emission from cells was then 
n mmol/L final concentration]. Light emission 

(Hamamatsu Argua-100,. An image was formed after 6 
20 ccumuletion using 100% sensitive of the P-™^^ ' 
m easuring light emission in vitro, cells were trypsmized ^ 
from one Petri dish, pe„eted, resuspended in 1mL assay buffer^ mo,/U 
NAC I, 1 mmol/L EDTA, 0.1 mo,/L potassium phosphate pH 7.4, nd 
sonicated on ice for 1 0 s. Lysates were than assayed in a Tu TD-20e 
25 lu.minometer for 1 0 s after rapid faction of 0.6 mL o, 1 mmo 

coeienterazine, and the average value of light emission was recorded 
I u 11 LU = 1 6 x 106 hu/s for this instrument]. 

independent oal, lines of mouse fibroblasts transfected with 
noearized plsmid pMCT-RUC showed different .evels of Re* i luciferase 
30 activity Similar differences in light emission were observed when 



-96- 




6869-402A 



me asurements we. par.or.eO en lysates or the same ceil ne ™ 

variation in Ugh, emission was probacy due to e 

from th e random integration o, piesmid p M CT-RUC ,nto the mouse 

g eneme. sinee enriehment for site ter 9 e,in g o. tire luciferase S ene 

not performed in this experiment. 

n Protein secretion targeting vectors 

' isolation of heterologous proteins produced intracelluiarly .n 
m amma,ian cel, expression systems retires ceii disruption under 
potential harsh conditions and purification of the -omb.nan, pro e,„ 
, Lm ceiiuiar contaminants. The process of protein ,so,at,on may be 

y faciiitated by secretion o, the recombinant, produced prote.n ,n o 
extracellular medium where there are fewer contaminants to rem v e 
du ring purification. Therefore, secretion targeting vectors have be n 
constructed for use with the mammaiian artificial chromosome system. 
B A usefu, model vector for demonstrating production and secretion 

o, heterologous protein in mammalian cells contains DNA encodmg a 

ad ly detectabie reporter protein fused to an efficient secrehon s,gna, 
ITJL transport of the protein ,0 the cei, membrane and secre on o, 
,he protein from the cell. Vectors pLNCX-IURUC and P"«X-.unK . 
,0 described below, are examples of such vectors. These vector conta.n 
DNA encoding an interleuxin-2 ,.L2, signal peptide— — 

T . „ ,. o oinnal neotide [encoded by tne 
luciferase fusion prote,n. The IL-2 s.gnal pept I luciferase 
u ■ cpn in No 91 directs secretion of the luciferase 

25 L host mamma„an cell, the IL-2 signal peptide is cleaved from the 
fU sion protein to deliver mature, active, luciferase protein to the 
extr acel,u,ar medium. Successful production and 
heterologous protein can be readily detected by performing luciferase 
aaslys which measure the light emitted upon exposure of the med,um to 
30 the bioluminescen. Incite* substrate of the luciferase enzyme. 
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, Construction of Protein Secretion Vector pLNCX-ILRUC 

' , Nrx ILRUC contains a human IL-2 signal peptide-fi renlioEM 

promoter to, constitutive expression of the g ene in mammaUan ceiis. 

construct was prepared as follows. mrndina DNA 

a Preparation of the IL-2 signal sequence-enood.ng DNA 

A 69-b P DNA fragment containing DNA encoding the human IL-2 
sig na, peptide was ohta.ned through nucleic acid amplification, us.ng 
app ropriate primers for IL-2, o, an HEK 293 ^ „ 

m AMR>584 for an IL-2 encoding DNA, see, aiso 
5 ^ne^— g amino acid —is^ proved in 

th e G— Seguence ^aT shown in 

J00264]. The signal peptide includes the first 

"translations provided in hoth o, these Genban* 

acids is also provided in these entries Isee, e.g., nucleates 293 
am ,no acds ,s ^ ^ of accession no . 

52 °* °' ccq id NO 9 The amplification primers included 

100264), as well as in SEQ ID NU. a- " v 

[GAATTC] that for suhcloning o, the 

20 EcgRI-digested pGEMT [Promegal- The forward prim™ rth ,n ED 

^No. 1 1 and the seguence of the reverse pnmer ,s set forth ,n 

TTTGAATTCATGTACAGGATGCAACTCCTG -ward ISEG ID N , 
TTTGAATTCAGTAGGTGCACTGTTTGTGAC revserse ISEQ No^ 
,« b Preparation of the B.r^mi.luciferase-encod.ng 

25 DNA 

The initial source of the B, rfflifofflris luciferase gene was 

plasmid pLXSN-RUC. Vector pLXSN Isee, ^, U.S. Patent Nos 
5 324 .55. 5.470..730. 5,468,634, 5,358,866 and Miller « .1989, 
30 mi^m^ 7:980, is a retroviral vector capable of expressrng 
heteroiogouToNA under the transcriptional control of the retrovrra, 
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als „ contains the neomycin-resistance gene operative* linked for 
passion to the SV40 early region promoter. The B. «™ 
lulrase gene was obtained from plasmid pTZrLuc-1 ^ 
Paten, No. 5,292,658; see a,so the GenbanK Sequence Database 

■ and see also Lorenz et ak (1 991 ) Eioc^NatL 
6 accession no. M63501, and see a 

Acad Set U.S.A. 88:4438-4442! and is shown as SEQ ID NO. 10. 

ASSSUJSfils , , „„, „, D T7rLuc-1 contains the coding region of 

0 97 kb EcoRI/Srnal fragment of p 1 2ri.uc c 

0.9/ kd nNA Vector pLXSN was digested with 

the fler* luciferase-encod.g DNA. Vector p 

end iigated with the luciferase gene contained on a pkXSN-RUC, wh 
10 centals the luciferase gene iocated operahly linked to the v TR 
upstream of the SV40 promoter, which directs express.on 
neomvein-resistance gene. 

- s^^a^rvt^r 

., ILRUC . . . 

The pGEMT vector containing the .L-2 signal peptide-encoding DNA 
ascribed in 1 .a. above was digested with E^Rk and the resulting 
ftagm en, encoding the signa, peptide ^^^^ e 
pLXSN-RUC. The resulting plasmid, called pLXSN 

^::::™%ication - - * 

Smal site at the 3' end o, the fusion gene. The amplificat.on product 
l^bled into ^Rl^-digested pGEMT .Promega, to generate 

25 , n „ oductionofth e Fusion Geneva Vector 

d ' ConS Centre, Bements for Expressron .n 
Mammalian Cells 

Plasmid ILRUC-pGEMT was digested with Kh) and Srnal to 
■ ■ tho n 9 sicinal peptide-luciferase fusion 
30 release a fragment contammg th , .L-2 -gn MP 

gene which was ligated to Hjaal-d.gested pUNCX. Vect 

L. U S Patent Nos. 5,324,655 and 5.457.! 82; see, also M.ller and 
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• . QO 7-QRn-9901 is a retroviral vector for 
Rosman (1 989) BjotechjTigyes 7.980 aauj is d 

7Z i , -ta.io^us DNA under the control o, the CMV propter; ,t 
rlls the neomvcin.esis.ance g ene under the transcriptional 
lo o, a vira, promoter. The vector resulting from the ligation reac ,on 
B was designated pLNCX-ILRUC. Vector pU.CX-.LRUC contains the IL-2 
: a pe tide-luciferase fusion gene iooated immediateiv downstream o 
e CMV Promoter and upstream of the vira, 3' LTR and P°'v— t, on 
tne oiviv H pynression of the fusion 

signal in pLNCX. This arrangement provides for express 
aene under the control of the CMV promoter. Placement of the 
gene under , uci ferase gene] in operative 

10 heterologous protein-encoding DNA lue., 

age with the ,,2 signal peptide-encoding DNA provides for express on 
7the fusion in mamma,ian ce„s transfected with the veotor such t a, he 
hUlogous protein is secreted from the host ce„ into the extraocular 

1B m6diUm 2 Construction of Protein Secretion Targeting Vector pLNCX- 

Vector pLNCX-ILRUC mav be modified so that i, can be used 

■ h ,e IL 2 sional peptide-luciferase fusion gene into a mammalian 
, nt ,oduce ,L-2 signa, pep incor pora,ion o, 

artificial chromosome in a host cell. 10 
20 the pLNCX-ILRUC expression vector into a mammaiian artificial 

llmosome. nuCeic add seguenoes that are homologous to nue eo«de 
present in the artificial chromosome are added to the veotor to permit 

Hirprted recombination. _ 

.xemplarv artificial chromosomes described herein conta, lambda 
25 phage DNA. Therefore, protein secretion targeting vector pLNCX-ILRUC, 
" was prepared bv addition of lambda phage DNA „rom Charon .A arms, 

,0 produce the secretion veotor pLNCX-ILRUC. 
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3. Expression and Secretion of !L renjfomfe Luciferase from 
Mammalian Cells 

a . Expression of R, mnjfermis Luciferase Using pLNCX- 
ILRUC 

Mammalian cells ILMTK' from the ATCC, were transientiy 
trans f acted with vector pLNCX-.LRUC I-10«] by eiectroporation 
[BIORAD, performed according to the manufactures .nstruc, ons,. Stahle 
IsfectaL produced by growth in 34f8 for neo section have aiso 
been prepared. 

10 Tr nsfectants ware g rown and then analyzed for express, of 

luciferase To determine whether active iuciferase was secreted from the 
acted ceiis, cuiture media were assayed for iuciferase hy ad ,on of 
coelentra.ne ,see, ^. Matthews « 0977, U£> ' 

The results of these assays establish that vector pLNCX- LRUC 
, B capable o, provide constitutive expression o, heterologous DNA ,n 
ma mma,ian host cells. Furthermore, the results <^^*^ 
Human IL-2 signal peptide is capable c, directing secretin o prote.ns 
fused to the C-terminus of the peptide. Additionally these d a 
demonstrate that the R, mniMDM Iuciferase prote.n ,s a h.ghly ef. ct,ve 
20 !Zter mdecule, which is stable in a mammalian cal, environment, and 
forms the basis of a sensitive, facile assay for gene express.om 

b . Expression of E, renifgimis Luciferase Us,ng pLNCX 
ILRUd 

To express the IL-2 signal peptide-R, r^lsim* fusion gene from an 
2B artificial mammalian chromosome, vector pLNCX-ILRUC, is targeted for 
" S pecie integration into an artificial mammalian chromosome through 
h „nJogous recombination o, the lambda DNA seguences contained ,n 
h e chromosome and the vector. This is accomplished by introduc ,on 
pLNCX-ILRUCx into either a fusion cel, line harboring mammal.an 
30 hromosomes or mammalian host cells that contain artifice, 

orsomes. I, the vector is .ntroduced into a fusion ce„ line barbonng 
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the artificia, chromosomes, for example through -ro,n, Con o, 
vect0 r or transfection of the fusion cei, line with the vector, the ceils are 
ben grown under se,ee,ive conditions, artifice, chromosomes, wh oh 
h ave ncorporated vector pLNCX,LRUC are isolated from the surviv, g 

5 ^ P ^ n p— °* — - — - *- — d 

,nto "a:::;, rm^ « - - - - -» 

raammX artificia, chromosomes which have heen 

ceii iine. The host cells are then transfected with vector pLNCX-ILRUC. 

10 ^recombinant host ce„s are then essa V ed for iuciferase 

expression as described above. 

n Other targeting vectors 

" Th ese vector re.y on positive and negative seiection to .nsure 

15 insertion and se.ection for the doub.e recombinants. A single crossover 
15 insertion ^ ^ doub)e crossover 

results in incorporation of the U I a, 
recombinations delete the DT-1 gene. 

1 Plasmid pNEM1 contains: 
DT A . Diphtheria toxin gene (negative selectable marker) 

20 Hyg: Hygromycin gene (positive selectable marker) 

Kenilla Iuciferase gene (non-selectabie merker) 
-I • LTR-MMTV promoter 

TK promoter 
CMV promoter 
> 5 MMR- Homology region (plasmid P AG60) 

' 2. plasmid pNEM-2 and -3 are similar to pNEM 1 except for 

different negative selectable markers: 

. ^ " " «?plectable marker 
dNEM-1: diphtheria tox.n gene as - seiectao 

p „o n o "_" selectable marker 

dNEM-2: hygromycin antisense gene as 

P ucv i nene as " — " selectable marker 

30 pNEM-3: thymidine kinase HSV-1 gene 



2 
3 
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2 
3 
4 



3. Plasmid - lambda DNA based homology: 
pNEWU-1 : base vector 

pNEM/l-2: base vector containing p5 = gene 
1 ; LTR MMTV promoter 
SV40 promoter 
CMV promoter 

0TIIA promoter (metallothionein gene promoter) 
_ homology region (plasmid pAG60) 

A L.A. and A R.A. bomology regions for A left and right arms 
10 {A gt-WES). 

EXAMPLE 13 
Microinjection of mammalian cells with plasmid DNA 

These procedure will be used to microdot MACS into euKaryobc 
cells, including mammalian and insect cells. 

The microinjection technique is based on the use of small glass 
capillaries as a delivery system into cells and has been used for 
introduction o, DNA fragments into nuclei jsee. ^. Chaihe et aL 1 994I 
Science 263:802-804,. It allows the transfer of almost any type o, 
^es, ^ hormones, proteins, DNA and RNA, into e.ther 
cv ,cp,asm or nuclei o, recipient cells This technique has no cell type 
restriction and is more efficient than other methods, includrng 
Ca - -mediated gene transfer and ,iposome-media,ed gene transfer. 
Ab0 ut 20-30% of the injected cells become successfully transformed. 

Microinjection is performed under a phase-contrast microscope. A 
2B glass microcapillary, prafil.ed with the DNA sample, is directed ,nto a ce 
Z injected with the aid of a micromanipulator. An appropriate sampl 
volume f-10 p» is transferred into the oel, by gentle a,r pressure exerted 
I a tra ejector connected to the capillary. Recip.ent cells are grown on 
Jass slides imprinted with numbered squares for convenient localization 
30 of the injected cells. 



20 
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a Materials and equipment 

Nunc ,on tissue culture dishes 35 x 10 mm. Mouse cel, line EC3/7C5 

Plasmid DNA pCH, 10 ^ ™*« ^ P '°™ 
(em [6 FPs from Aeouores and «er* have been purged and >so 
6 needing GFPs has been Coned; see. ^ Prasher et ah ,1 992, G^ 

1 229 233; Internationa, PCT Appiicatien No. WO 95,07463, which ,s 
^ed on U.S. application Serial No. 08,1 19,678 and U.S. application 
Serial No. 08,192.274, ZEISS Axiovert ^™^ ocate 
transjector 5246, Eppendorf micromanipulator 5171, Eppen 
10 coverslips, Eppendor, microloaders. Eppendorf femtotips and other 

standard equipment 

b. Protocol 

( 1 ) Fibroblast cells are grown in 0 35 mm 

,,ssue culture dishes ,37= C, 5% C0 2 , unti, the cel, density reaches 80% 
1B lonnuencv. The dishes are removed from the incubator and med,um to 

add ed to about a 5 mm depth. ^ ^ ^ ^ ^ ^ ^ ^ 
and the cells observed with 10 x objective, the focus is desirabiv above 
the eal, surface. ^ ^ chromosoma , DNA so|ution 

20 n ng/MI and GFP protein solution are further purified by contriving the 
DNA sample at force sufficient to removed any particular debris .typically 
about 1 0,000 rpm for 1 0 minutes in a microcentrifuge, 

(4) Two 2 iA of the DNA solution (1 ng/^l) is 
loaded into a micrecapillary with an Eppendor, mlcroloader. During 
loading, the loader is inserted to the tip end of the micrecapillary. GFP ,1 

mo/ml) is loaded wit the same procedure. 
9 , 5) The protecting sheath is removed from the 

microeapillary and the micrecapillary is fixed onto the capillary holer 

30 connected with the micromanipulator. 



25 
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,6) The capillary tip lowered to the surface of 
the medium ahd focus on the cells gradually until the tip o, the capillary 
e Is the surface of a cell. Lower the capillary further so tha t he 
cap y is inserted into the ce, Various parameters, such as the level o, 
B he cap llary. the time and pressure are determined for the partrcula 

e q u ipmen, For example. using the fibroblast eel, line CS and the above- 
no d ecuipmen, the best conditions are : inaction time 0.4 second. 

;:i!:eeopsi. ^^^^^^ 

of the cells. ^ After injection, the cells are returned to 

the incubator, and incubated for about 18-24 hours. 

(8) After incubation the number of 

tran sformants can be determined by a suitable method, which depends 
open the selection marker. For example, „ green —" ^ ^ 
1B u ed. the assay can be performed using UV light source 

fiiter set at 0-24 hours after injection. If p-gal-contammg DNA, such 

I, «n 1 0 has been injected, then the transformants can 
DNA-derived from pHC1 10, has oeeu j 

be assayed for /*-gal. ^ Detectio n of /J-galactosidase in 

. . . hma The medium is removed from the 

, ,1% glutaraldehyde; 0.1 M sodium phosphate buffer, pH 7 0. mM 
Mg C, 2 > and incubated for 15 minutes a, 37" C. Fixation Soluhon I ,s 
Tap' d with B m, o, X-ga, Solution II: ,0.2% X-gal. 10 mM sod.um 
25 hosphate buffer t pH 7.0, 1,0 m M NaC. 1 mM MgC, 3. mM 

K 4 Fe<CN, s H 2 0, 3.3 mM K 3 Fe(CN} 6 l, and the plates are .ncubated for 

60 minutes at 37° C. added M 

The X-ga, solution is removed and 2 ml ot g v 
each dish. Blue stained cells are identified under a light microscope. 
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M » r nartirular the MAC with the 
This will be used to introduce a MAC, part.cuiar 

EXAMPLE 14 

S enes which confer desired traits. ^ disease resistance, in the an,ma s. 
Csgenic mouse is prepared ,0 serve as mode, o. a «~~™£L 
animal. Genes that encode vaccines or that encode ,herapeu«c m lecules 

„ nr cq rP iic to oroduce animals tnat 
n can be introduced into embryos or ES cells to prou 

t0 3 ^—artificial me g achromosome can he used to generate 

■ i „,t «t„blv express genes conferring desired traits, 
transgenic animals that stably expres g Transaen ic 
, B such as genes conferring resistance to pathogenic viruses. Transgenic 
le containing a transgene encoding an anti-HIV ribozyme prov.e a 
U se,u, mode, for the development o, stable transgenic animals using these 

Development of Control Transgenic Mice Expressing Anti-HIV 
on Ribozyme 

Control transgenic mice are generated in order to compare stability 

and amounts o, transgene expression in mice developed using transgen 

DNA carried on a vector (control mice, with expression in mice developed 

using transgenes carried in an artificial megachromosome. 

using g^ Deve|opmento1Control Transgenic Mice Expreasmg^- 

galactosidase 

One set of control transgenic mice was generated by microinjection 
of mouse embryos with the ^-galactosidase gene alone. The 
iroiniection procedure used ,0 introduce the plasmid DNA into the 
30 mo se embryos is as described in Example , 3. but modified for use with 
I yos ,se . ^, Hogan et aL (1994) Man*— - — ™ 
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. , a6oraW — . Cold Spring Harbor Laboratory Co, Spring 

Harbor NY, see. especial pages 255-264 and Append. 3] Fer„„zed 
Zee embryos .train CB5 obtained from Cherles R ,ver ~. 
injected with 1 ng of plasmid pCH1 10 (Pharmacia, wh.ch had been 
, ine arized by digestion with ^1. This piasmid contains th 
ga ,actosidase g ene linked to the SV40 iate promoter. The ^ctos, 
9 ene produe, provides a readily detectabie marker for 
ransgene expression. Furthermore, these oontro, mice prov.de 

: ri::ii™ 
■ :i::;z::::::: -:z^ * - - - m _ r , 

— the , 9 a,actos,dase ^^^^ 
have been generated by inject.on of pCH1 10 into embry 

a o ous System for comparison of heterologous gene express.on from 
5 plasmid versos from a gene carried on an artifice, chro = 

After injection, the embryos are cultured ,n mod,„ed HTF med urn 
h 5* CO at 37 °C for one day until they divide to form two cells. 
relol~s are then implanted into ^ 

>0 Manual (1994) Hogan et aL, eds., Cold bpnng 

Cold Spring Harbor, NY, pp. 1 27 fit SfiflJ- ExpreS sing 
b Development of Control Transgen.c M.ce Expressmg 
Anti-HIV Ribozyme 

One set o, anti-HIV ribozyme gene-conteining control transgen.c 
25 mice was generated by microinjection of mouse 

P CEPUR-132 which contains three different genes. (1) DNA no 
antM HIV ribozyme, (2) the puromycin-resistance gene and 13) the 

-a «PFPl)R-132 was constructed by 
hvaromycin-resistance gene. Plasm.d pCEPUR l ^ w 
hygromyc.n contain ing the anti-HIV r.bozyme 

, iga ting portions of plasm.d pCEP-132 conta g 
gen e (referred to as ribozyme D by Chang et aL [(1 990) 
2-23-311; see also U.S. Patent No. 5,144,019 to Ross, et part.cu.a 



30 
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Fig ure 4 of the patent, and the hygromycin-resistance 9 ene with a portion 
of plasmid pCEPUR containing the puromycin-resistance 

Plasmid pCEP-1 32 was constructed as follows^ Vector pCEP4 
(Invitrogen, San Diego, CA; see aiso Yates et «L <1 98B. 31 3 81 

5 Is dilated with ^ whieh cleaves in the mu,tip,e e,on,n g sde 

Zn C *e vector. This - 1 0.4-kb vector contains the hygromycn- 
resistance gene linked to the thymidine kinase gene promoter and 
p O V deny, , ion signai, as we,, as the ampici,lin-resistance gene an 
Z < epneation and EBNA-1 (Epstein-Barr virus nociear antigen, genes 
10 Z OriP. The multiple cioning site is flanked hy the eytomega.ovirus 
promoter and SV40 polyadenylation signal. 

. , H 1 32 (see Example 4 fo, a description of this plasmid) 
digestion of plasmid 132 (see txamp 

vl Xho, and Sail. This Xhgl/Saii fragment contains the anti-H,V 

r a, the 3" end to the SV40 polyadenylation signal. 
15 ribozyme gene linked at the 3 eno oCEP . 13 2 Thus, 

The plasmid resulting from this ligation was designated pCEP 132. 
i 2c, PCEP-132 comprises pCEP4 with the anti-HIV ribozyme gene 
In SV40 poWadenylation signal inserted in the multiple Coning site for 
CMV promoter-driven expression of the an.i-HIV ribozyme gene 

, PFPUR 1 32 pCEP-1 32 was ligated with a fragment 
on To generate pCEPUR-13A pt-cr 

foCEPUR pCEPUR was prepared by ligating a 7.7-kb fragment 
ofpCEPUR. pt-cru , „r-FP4 with a 1 1 -kb Nhel/SnaBI 

nenerated upon Mtel/Nrul digestion of pCEP4 with 

ragmen, of pBabe Isee M orgenstern and Land ,1990, Hu*^» 
^7-35* far a description of pBabe, that contains the puromycn- 
2B resistance gene linked at the 6' end to the SV40 promote. Thus 
orEPUR is made up of the ampicillin-resistance and EBNA1 genes, 

be C eT and OriP e.ements from pCEP4 and the puromycin-resistance 
astneuoiti anu win flanked 
g ene from pBabe. The puromycin-resistance gene ,n pCEP R 
by the SV40 promoter (from pBabe, at the 5' end and the SV40 
30 polyadenylation signal (from pCEP4) at the 3' end. 
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Plasmid pCEPUR was digested with ^ and *» and the fragment 
containing the puromycin-resistance gene linked at the 5' end to the 
™Z lontoJwas iigated with Rested pCEP-f 32to vie, the 
-,2.1-kb plasmid designated pCEPUR- 13 2. Thus. pC™»-" 
effect, oo m prises pCEM32 with puromycin-resistance gen. , am SV40 
promoter inserted a, the *M site. The main Cements o, pCEPUR-132 
are the hygromycin-resistance gene linked to the thymidine krnas 
promoter L polyadenylation signal, the anti-HIV ribozyme gene linked to 
CMV promoter and SV40 po,yadeny,ation signal, and the puromyc, - 
, :i,stano: a ene linked ,0 the SV40 promtoer and 

Th e plasmid also contains the ampiciHin-res.stance and EBNA1 genes 
, he CO.E1 origin o, replication and ^ fema|e mice 

Zygotes were prepared from |CB7BL/6Jxt-BA/ 
[s ee J! M^MMm^ Egto,^^^" 119941 
5 Ho ant eds.. Coid Spring Harhor Laboratory Press. 
Harbor, NY, p. 429,, which had been previously mated 
,CE7BL/6JxCBA/J) F1 male. The male pronuclei of these F2 zygotes 
L I n etd [s ee, 

{ 1 994) Hogan el aL, eds.. Cold Spring Harbor Laboratory Press, Co,d 
20 Spring Harbor, NY] with pCEPUR-132 (~3//g/ml), which had been 

Llarld by digestion w,th **■ The .niected eggs were then implanted 
in surrogate mother female mice for development into transgemc 

° ,,SPri lse primary carrier offspring were analyzed <as described below, 
25 for the presence o, the transgene in DNA isolated from tai, cells Seven 
carrier la that conta.ned transgenes in their tai, cells ,bu, tha m not 
carry the transgene in a„ their cells, i.e., they may be ch.menc, were 
a „owed to mate to produce nomchimeric o, garm-line heterozygotes. The 
heterozygotes were, in turn, crossed to generate homozygote transgenic 
30 offspring. 
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2. Development of Model Transgenic Mice Using 
Mammalian Artificial Chromosomes 

Fertilized mouse embryos are microinjected (as described above) 

with megachromosomes (1-10 pL containing 0-1 chromosomes/pL) 

5 isolated from fusion cell line G3D5* or HI D3* (described above). The 

megachromosomes are isolated as described herein. Megachromosomes 

isolated from either cell line carry the anti-HIV ribozyme (ribozyme D) 

gene as well as the hygromycin-resistance and /?-galactosidase genes. 

The injected embryos are then developed into transgenic mice as 

10 described above. 

Alternatively, the megachromosome-containing cell line G3D5* or 
H1D3* is fused with mouse embryonic stem cells [see, e^, U.S. Patent 
No. 5,453,357, commerically available; see Manipulating the Mouse 
Fmhrvo. A Laboratory Manual (1994) HoganetaL, eds., Cold Spring 

15 Harbor Laboratory Press, Cold Spring Harbor, NY, pages 253-289] 
following standard procedures see also, e^u Guide to Techniques in 
Mouse Development in M»thnH« in Fn 7 vmoloav Vol. 25, Wassarman and 
De Pamphilis, eds. (1993), pages 803-932]. (It is also possible to deliver 
isolated megachromosomes into embryonic stem cells using the Microcell 

20 procedure [such as that described above].) The stem cells are cultured in 
the presence of a fibroblast [e^, STO fibroblasts that are resistant to 
hygromycin and puromycin]. Cells of the resultant fusion cell line, which 
contains megachromosomes carrying the transgenes [Le,, anti-HIV 
ribozyme, hygromycin-resistance and £-galactosidase genes], are then 

25 transplanted into mouse blastocysts, which are in turn implanted into a 
surrogate mother female mouse where development into a transgenic 

mouse will occur. 

Mice generated by this method are chimeric in that the transgenes 
will be expressed in only certain areas of the mouse, e.g., the head, and 
30 thus may not be expressed in all cells. 
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3. Analysis of Transgenic Mice for Transgene Expression 

Beginning when the transgenic mice, generated as described 
above, are three-to-four weeks old, they can be analyzed for stable 
expression of the transgenes that were transferred into the embryos [or 
fertilized eggs] from which they develop. The transgenic mice may be 
analyzed in several ways as follows. 

a. Analysis of Cells Obtained from the Transgenic 
Mice 

Cell samples [ e.g. , spleen cells, lymphocytes, tail cells] are 
obtained from the transgenic mice. Any cells may be tested for transgene 
expression. If, however, the mice, are chimeras generated by 
microinjection of fertilized eggs with fusions of embryonic stem cells with 
megachromosome-containing cells, only cells from areas of the mouse 
that carry the transgene are expected to express the transgene. If the 
cells survive growth on hygromycin [or hygromycin and puromycin or 
neomycin, if the cells are obtained from mice generated by transfer of 
both antibiotic-resistance genes], this is one indication that they are 
stably expressing the transgenes. RNA isolated from the cells according 
to standard methods may also be analyzed by northern blot procedures to 
determine if the cells express transcripts that hybridize to nucleic acid 
probes based on the antibiotic-resistance genes. 

Additionally, cells obtained from the transgenic mice may also be 
analyzed for £-galactosidase expression using standard assays for this 
marker enzyme [for example, by direct staining of the product of a 
reaction involving £-galactosidase and the X-gal substrate, see, e^, 
Jones (1986) EMBO 5:3133-3142, or by measurement of £-galactosidase 
activity, see, e^, Miller (1972) in Fxperiments in Molecular Genetics pp. 
352-355, Cold Spring Harbor Press]. Analysis of /?-galactosidase 
expression is particularly used to evaluate transgene expression in cells 
obtained from control transgenic mice in which the only transgene 
transferred into the embryo was the £-galactosidase gene. 
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Stable expression of the anti-HIV ribozyme gene in cells obtained 
from the transgenic mice may be evaluated in several ways. First, DNA 
isolated from the cells according to standard procedures may be subjected 
to nucleic acid amplification using primers corresponding to the ribozyme 
5 gene sequence. If the gene is contained within the cells, an amplified 
product of pre-determined size is detected upon hybridization of the 
reaction mixture to a nucleic acid probe based on the ribozyme gene 
sequence. Furthermore, DNA isolated from the cells may be analyzed 
using Southern blot methods for hybridization to such a nucleic acid 
10 probe. Second, RNA isolated from the cells may be subjected to northern 
blot hybridization to determine if the cells express RNA that hybridizes to 
nucleic acid probes based on the ribozyme gene. Third, the cells may be 
analyzed for the presence of anti-HIV ribozyme activity as described, for 
example, in Chang et aL (1 990) Clin. Biotech. 2:23-31. In this analysis, 
15 RNA isolated from the cells is mixed with radioactively labeled HIV gag 
target RNA which can be obtained by in Yjtro transcription of gag gene 
template under reaction conditions favorable to in yjtro cleavage of the 
gag target, such as those described in Chang et aL d 990) Clin. Biotech. 
2:23-31 . After the reaction has been stopped, the mixture is analyzed by 
20 gel electrophoresis to determine if cleavage products smaller in size than 
the whole template are detected; presence of such cleavage fragments is 
indicative of the presence of stably expressed ribozyme. 

b. Analysis of Whole Transgenic Mice 
Whole transgenic mice that have been generated by transfer of the 
25 anti-HIV ribozyme gene [as well as selection and marker genes] into 
embryos or fertilized eggs can additionally be analyzed for transgene 
expression by challenging the mice with infection with HIV. It is possible 
for mice to be infected with HIV upon intraperitoneal injection with 
high-producing HIV-infected U937 cells [see, e.g., Locardi et aL (1 992) i 
30 Virol. 66:1649-1654]. Successful infection may be confirmed by analysis 
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of DNA isolated from cells, such as peripheral blood mononuclear cells, 
obtained from transgenic mice that have been injected with HIV-infected 
human cells. The DNA of infected transgenic mice cells will contain 
HIV-specific gag and env sequences, as demonstrated by, for example, 
5 nucleic acid amplification using HIV-specific primers. If the cells also 
stably express anti-HIV ribozyme, then analysis of RNA extracts of the 
cells should reveal the smaller gag. fragments arising by cleavage of the 
gag transcript by the ribozyme. 

Additionally, the transgenic mice carrying the anti-HIV ribozyme 

10 gene can be crossed with transgenic mice expressing human CD4 (i.e., 
the cellular receptor for HIV) [see Gillespie et aL (1 993) Mol. Cell. Biol. 
13:2952-2958; Hanna et aL (1994) MoL Cell. Biol. 14:1084-1094; and 
Yeung et aL (1994) J. Exp. Med. 180:1911-1920, for a description of 
transgenic mice expressing human CD4]. The offspring of these crossed 

15 transgenic mice expressing both the CD4 and anti-HIV ribozyme 
transgenes should be more resistant to infection [as a result of a 
reduction in the levels of active HIV in the cells] than mice expressing 
CD4 alone [without expressing anti-HIV ribozyme]. 

20 Since modifications will be apparent to those of skill in this art, it is 

intended that this invention be limited only by the scope of the appended 
claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION 

(i) APPLICANT: Hadlaczky, Gyula 
Szalay, Aladar 

(ii) TITLE OF THE INVENTION : ARTIFICIAL CHROMOSOMES , USES THEREOF 
AND METHODS FOR PREPARING ARTIFICIAL CHROMOSOMES 

(iii) NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Brown, Martin, Haller & McClain 

(B) STREET: 1660 Union Street 

(C) CITY: San Diego 

(D) STATE : CA 

(E) COUNTRY: USA 

(F) ZIP: 92101-2926 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 1.5 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 10-APR-1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Seidman, Stephanie L 

(B) REGISTRATION NUMBER: 33,779 

(C) REFERENCE /DOCKET NUMBER: 6 86 9-402 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 619-238-0999 

(B) TELEFAX: 619-238-0062 

(C) TELEX: 



(2) INFORMATION FOR SEQ ID NO : 1 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 93 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
( ix) FEATURE : 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 



60 
120 
180 
240 
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S =il = i=i= =i 

?ggJ?????c taattttcca tgattttcag ttatcttgtc atattccatg 

111 llii! Hlli Eii iili ^ 
™l ii s?s sssss esses 

1 lbs? SEES SSS S2S S| 

Ii i isss ^sss ssssss sssss 

TCTAmCTA" SS?CAGTG ATTTTCAGTT TTCTCGCCAT ATTCCAGGAC CTACAGTGTG 
CATTTCTCAT TTTTCACGTT TTTCAGTGAA TTC 



(2) INFORMATION FOR SEQ ID NO : 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1044 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 

tcttatttgt SSSSS SSKSE SSBK SSSS5S SEES 

issss eesss ssss = szssss 

TGGGATGTTT CAgSgaIot ScAGTGTTG AACAGTCCCC TTTCATAGAG CAGGTTTGAA 

APAPTCTTTT TTGTAGTATC TGGAAGTGGA CATTTGGAGC GATCTCAGGA CTGCGGTGAA 

SgaSS tSt^AATA AAAGCTAGAT AGAGGCAATG TCAGAAACCT TTTTCgTOAT 

arTr agcTAACAGA GTTGAACCTT CCTTTGAGAG AGCAGTTTTG AAAI_acil.ii 

Ii* = llii = iiii =1 

1= = ™ ilii = i|§ 

J^TTTCT JTTGATAGAG ACGQGATTAC ATAT AAAAAG CAGACAGCAG 

ATCTTGTTTG TGATGTTTGC ATTCAAGTCA CAGAGTTGAA CATTCCCTTT 
SgIgagcaS gSgaISc tctttttata GTATCTGGAT GTGGACATTT GGAGCGCTTT 
CAGGGGGGAT CCTCTAGAAT TCCT 



300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1293 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1044 



(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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60 



(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 

lIIIBIliitl! I 

wmmmmm i 

iiii iii iiE ™ Hi™ sis 

SS SSSSSS SSJSS SHKS SE5SS °— ttt ixj. 
b&SS SSSSS SKSKE S2SSSS f£g £ «. 

iH ==s sill s 

======= 

S=o =| = SKgg —5 JS? 

s= ssssss s HEi lis isssss ass 

CTGTGTTTCT TTTCAATGAA GTTATCTGCC ATCTTTGTAT TGCCI^ CCGTTTCAGT 2280 

sssse j= liii 1 ii is ssssssi ss; 

£?5£S SS £££££ ««»(»»» 2«o 

ACGACTACAC TGTGAGCAAG AGGGCCCTGC AG 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 
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(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
GGGGAATTCA TTGGGATGTT TCAGTTGA 

(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE : 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
CGAAAGTCCC CCCTAGGAGA TCTTAAGGA 

(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: RNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
CCGCTTAATA CTCTGATGAG TCCGTGAGGA CGAAACGCTC TCGCACC 



(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
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(ix) FEATURE : 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 

25 

CGATTTAAAT TAATTAAGCC CGGGC 

(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 

27 

TAAATTTAAT TAATTCGGGC CCGTCGA 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 9 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(D) OTHER INFORMATION IL-2 signal sequence 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

ATG TAC AGG ATG CAA CTC CTG TCT TGC ATT GCA CTA AGT CTT GCA CTT 
Set Tyr Arg Met Gin Leu Leu Ser Cys He Ala Leu Ser Leu Ala Leu 

GTC ACA AAC AGT GCA CCT ACT 

Val Thr Asn Ser Ala Pro Thr 



48 

69 



(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 945 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME/KEY: Coding Sequence 

(B) LOCATION: 1 . . . 942 

(D) OTHER INFORMATION: Renilla Reinformis Lucire 
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(x) PUBLICATION INFORMATION: 

PATENT NO.: 5,418,155 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

nrr TTA AAG ATG ACT TCG AAA GTT TAT GAT CCA GAA CAA AGG AAA CGG 
s fr llu ill 5hr ser Lys Val Tyr Asp Pro Glu Gin Arg Lys Arg 



1 



5 10 



,™ APT CGT CCG CAG TGG TGG GCC AGA TGT AAA CAA ATG AAT GTT 
Me? 11* JS Pro Ep Trp Ala Arg Cys Lys Gin Met Asn Val 

20 25 

CTT GAT TCA TTT ATT AAT TAT TAT GAT TCA GAA AAA CAT GCA GAA AAT 
HI JJp SeJ Phe lie Asn Tyr Tyr Asp Ser Glu Lys His Ala Glu Asn 

35 40 4b 

PCT GTT ATT TTT TTA CAT GGT AAC GCG GCC TCT TCT TAT TTA TGG CGA 
?S Val 111 HI Leu His Gly Asn Ala Ala Ser Ser Tyr Leu Trp Arg 

55 60 



50 

CAT GTT GTG CCA CAT ATT GAG CCA GTA GCG CGG TGT ATT ATA CCA GAT 
Ull Val Val Pro His He Glu Pro Val Ala Arg Cys He He Pro Asp 
65 70 75 

TTT ATT GGT ATG GGC AAA TCA GGC AAA TCT GGT AAT GGT TCT TAT AGG 
HI III gS Me? Sly Lys Ser Gly Lys Ser Gly Asn Gly Ser Tyr Arg 
85 90 

TTA CTT GAT CAT TAC AAA TAT CTT ACT GCA TGG TTG AAC TTC TTA ATT 
lln HI Sp Tyr Lys Tyr Leu Thr Ala Trp Leu Asn Phe Leu He 

100 105 

™r oaa APA AGA TCA TTT TTT GTC GGC CAT GAT TGG GGT GCT TGT TTG 
Tyr G-Jn Jrg Arg llr III Phe Val Gly His Asp Trp Gly Ala Cys Leu 
■ - 12 o 1^=> 



115 



GCA TTT CAT TAT AGC TAT GAG CAT CAA GAT AAG ATC AAA GCA ATA GTT 
££ Phe Sb Sr Ser Tyr Glu His Gin Asp Lys He Lys Ala He *al 

135 140 



130 



ss s ss is ss ?s ss ?s ss ss s ss ss ss 

150 15b 



145 



SS Si SS S £ S SS S SSS S Si SS SS SS SS 

165 170 

s ss SS SS SSS JSS SS SS S3 SS i£ ss ss ss ss 
S J| S SS Si ss Iff ss s s ss i ss SS ss 

ss sss ss sss s ss ss s s ^ ?ss ss ss ;s ss s 

210 ^■ Lb 



48 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 
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S5 iS £ Si 32 £ S SJ £ Hi - - - - si 

S js ss ^ s 5 £ £ s s ss ss s ig s 

245 250 

s s ss l? s ss s s s is s s ss s; s 
s ^ S - e - si s ss is ss e a? - s: 

275 280 

TTT TCG CAA GAA GAT GCA CCT GAT GAA ATG GGA AAA TAT ATC AAA TCG 
III Ser G?5 Asp Ala Pro Asp Glu Met Gly Lys Tyr He Lys Ser 

290 2 9 5 300 

TTC GTT GAG CGA GTT CTC AAA AAT GAA CAA TAA 
Phe Val Glu Arg Val Leu Lys Asn Glu Gin 
305 310 

(2) INFORMATION FOR SEQ ID NO : 11 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TTTGAATTC A TGTACAGGAT GCAACTCCTG 

(2) INFORMATION FOR SEQ ID NO : 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TTTGAATTCA GTAGGTGCAC TGTTTGTCAC 



720 



768 



816 



864 



912 



945 



30 



30 
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